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GRADUAL CONTROL IS G-r-a-d-u-a-I \ 
JOHNSON ‘sTREAMLINE”™ VALVES APE 


The partial chart below shows the impressive advancement made by 
x designing ‘’Streamline’’ Control Valves. Since their introduction, se 
ABOVE: “SYLPHON” re 
METAL DIAPHRAGM ago, the long-sought gradual action, denied in other types of valves 
MODULATING VALVE ' 
possible. This engineering achievement is the result of Johnson's | 
of more than fifty years in developing and perfecting automatic temperaty: 
trol equipment . . . The Johnson ‘Streamline’ is more than just anothe; 
with a plug of special design. Even beyond the ingenious seat and disc ass 
the construction of the entire unit is such that perfect throttling contro! 
duced. Note the unique characteristics indicated by the curve. With | 
“Streamline” valves, the percentage of steam flow does not ‘‘jump ahs 


the valve stem travel. No overshooting! True gradual action! 
*The word “Stre; 
} r refers to the intenm 
GLOBE GATE DOUBLE! acteristics of thes 


VALVES VALVES DISC TYPE 
VALVES 
























LOW: RUBBER 
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Johnson ‘‘Streamline’”’ valves are available with ‘‘Syl- are fitted, as an optional feature, with Johnsoz 
phon” seamless metal bellows or with enclosed and pendable pilot feature, for smooth gradua! ope! 
protected .diaphragms of super-aged and heat-resist- independent of friction and pressure variations \ 
ant rubber. Direct acting (normally open) or reverse pilot-operated ‘Streamline’ valves are control# 
acting (normally closed) types, depending on the ap- Johnson's ‘‘adjustable sensitivity’’ instrume®% 
plication .. . Rubber diaphragm ‘Streamline’ valves result is the ultimate in superior GRADUA! CO! 


ASK FOR BULLETINS DESCRIBING ‘STREAMLINE’ VALVES 





JOHNSON SERVICE COMPANY, MILWAUKEE, WIS. © Direct Branch Offices in All P) 1°! 
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@ Many of the manufacturers and as 


manutacturers 


sociations of 


heating, piping and an onditionin 
held have announced price policies o 
have mace nub lr then recommenda 
trons as attected b the war im | urop 
The tenor j thes statenn i has 
_ | , 
general been conservative ind 18 to te 
commended ae | | pres 


dent ot the Lincol: Electric Co tor 
instance, pledged his company to mati 


tain aS tar as 


and 1 materials are increased in price 


or the cost of labor is increased, t 
aise elling prices re than the 
mare imcreas the ost of raw ma 
terials ane labor Mr | it coln pomted 
mut that other wars had brought in 
flation, tollowed by unemployment and 
lepressio1 tter cact Vas ichieved 
Grant \ Wilso resident of 
Grant Wilson, In¢ manutacturers of 
sulatior and fireproof n aterials said 


, ' , ‘ 
a etter to wholesalers of asbestos 


iteriais it it was lis elier prices 
f asbestos i supplementat Var ma 
, ’ 
terial Sie i¢ idvance onl when id 
‘ 
lal consuniine ciel il iuses or 
, 1 ' 
indicates a shortage Of Supply, or pro 
duction costs actually mcrease He 


believes it 1s harmful to the 


to create throug! speculation talse ck 
mands, artificial values. or excessive 
stocks and urged the b ng of asbes 
tos material as and i line with th 
consuming demands of olesalers 


istomers. With experience during tl 


last world war in mind My 


beheves it 1s sensible to bu with re 
lation to the abilit ot wl lesalers 
customers to consume, and to avoid if 
possible Spc tlation al { prices 
lue toa compounded artificial demand 
Emplovees of the Swartwout C« 
addressed a petition t the President 
ind Congress of the lnited States 
and to all other interested citizens 
imploring that 1 chane ‘ ade j 
the neutrality law unless it be to fur 
ther strengthen it in restricting the 
goods to warring nations Lhe Gre 


advertising agency mimeo 


graphed bulletin to severa!l thousand 
mManutacturers in the form of an ope 
letter to salesmen advising them that 
when with customers to talk about 
their products and not about the wat 
Basis for the advice 1s that the buvet 


las heard about war and more wat 


irom salesman after salesn an, and that 
sf 4) 1 
the salesman wants to talk about 


? ] | ‘ ‘ 
selling, it makes him realize that his 


teet are on the eround and that he has 


i job to do Che effect of war on busi 


ess as distinguished from ordinary 


ar talk and gossip is legitimate “sell 


conversation however, the bulle- 


Stresse d 


@ Russell G. Creviston has been ap 


outed to the newly created position 


possible resent prices, 
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USED IN CORROSIVE SERVICES 
IN THE DAVIDSON COUNTY PUBLIC BUILDING AND COURT HOUSE 


NASHVILLE, TENN. 
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CORROSION COSTS YOU MORE THAN WROUGHT 
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The Davidson County Public Building and 
Court House, Nashville, Tenn., illustrates the 
emphasis placed on proper material selection 
by today’s designers. Investigation of local 
conditions showed that corrosive attack might 
be anticipated in certain cold water lines; 
drain lines; fire lines; sprinkler lines; and gas 
lines. Experience data showed that wrought 
iron would best withstand these conditions. 
Byers Wrought Iron was used. 

Strength of materials has always been a 
prime concern of the architect; durability of 
materials is now recognized as meriting equal 
consideration. Countless dollars have been 
saved, and will be saved, because of this new 
appreciation of the importance of fitting the 
material to the job. 

The job of selecting the piping which will 
serve best is simplified through a service 
which we offer, and which many architects 








and engineers use. If you have a piping speci- 
fication problem and will write us details, our 
Engineering Service Department will (1) De- 
termine the probable corrosive conditions; 
(2) Relate these to similar conditions en- 
countered elsewhere; (3) Interpret the results 
in the light of 75 years’ experience with cor- 
rosion problems; and (4) Make recommenda- 
tions . . . supported by service records. 
Ask, too, for a complimentary copy of our 
bulletin, ‘‘Wrought Iron for Piping Systems.” 

A. M. Byers Company, Pittsburgh, Pa. 
Established 1864. Boston, New York, Phila- 
delphia, Washington, Chicago, St. Louis, 
Houston, Seattle, San Francisco. 


BYERS 


GENUINE 
WROUGHT IRON 









Tubular and Flat Rolled Products 
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THIS ECONOMICAL HEATING PUMP 
OPERATES WITHOUT ELECTRIC CURRENT 





The Jennings Vapor Turbine Return Line Vacuum Heating Pump requires 
no electric current, eliminating the one biggest expense item in the oper- 
ation of an ordinary return line pump. This is because the motive power 
is a special turbine operating on steam direct from the heating system. 
Steam used to drive the turbine is returned to the system for heating, 
with little heat loss. 


The really important saving promoted by the Jennings Vapor Turbine is 
in the system itself, however, for this is the only heating pump that can 
operate continuously with economy. Continuous operation means uniform 
circulation, and uniform circulation means a big saving in steam. 


This pump has but one moving part, no internal wearing parts, and no 
internal lubrication. It is compact and quiet, and will give long and satis- 
factory service at the lowest maintenance cost. Bulletin No. 246 tells all 


about it. It is free on request. 


THE NASH ENGINEERING COMPANY 
SOUTH NORWALK, CONNECTICUT, U. S. A. 
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How to Plan an Operating Schedule 
eating and Air Conditioning 


By Charles N. Bailey 


HIE operating schedule scheme described herei 
can be applied to any plant that takes care of more 
than one air conditioned space, but becomes moré 
useful as the number of spaces increases. However, the 
methods of determining the schedules can be applied 
any plant—even though it conditions only one space 
with possible improvements in operating economy 
The plant under consideration serves a small store and 
office building and consists of a 100 ton refrigerating 
machine and three atr washers having a total capacity 
of 49,400 cim of air. 


coils, filters, spray sections with a double spray bank 


Kach washer consists of preheat 
reheat coils and fans. In addition there are two filter 
ing units supplying 


~ 


kitchens with cleaned (but. not 
cooled) air. The temperature control system is a low 
voltage electric type both for the washers and the local 
temperature control units. The local temperature control 
system, which is called the “booster system,” consists of 
unit heater-coolers in each store or office space, eacl 
operated from a local thermostat. The setting of the 
thermostat is left to the tenant as each has a different 
idea of what temperature he prefers. These booster 
units are on a forced water circulating system that uses 
hot water in the winter and chilled water in the summer 
Steam for winter heating is purchased. 

When the building was erected only five of the present 
20 leases had been consummated and the full operating 
conditions of the plant could not be foreseen, For this 
reason a few changes have had to be made to suit the 
new conditions as they arose. The branches from the 
trunk ducts have been fitted with easily operated shut off 
dampers in addition to the regular volume control splitter 
dampers so the stores that are unoccupied need not be 
air conditioned. These dampers are either open or shut, 
depending on the tenants’ needs, and are never used for 
volume control. This arrangement has proved to be a 
great aid in lowering the cost of operation of the plant 
because some stores open as early as 6 a. m. and others 
open at different hours, even as late as 10:30 a. m 
Likewise the closing hours vary from 5 p. m. to 1 a. m 
The air duct that takes care of the offices has not been 
tted with these special shut off dampers because the 


(yt 


thee hours of the various tenants are quite similar and 


1 Building Man 


ssistant to the General Superintendent, Aldis & C: 


Hevrine, Prpinc anp Am Conprriontnc, Ocroser, 1939 


thre savilivs, if ally, trom ~] utting ‘7 
a half hour earlier than the rest would b 

1 he low al temperature ‘ mtrol units were 
zoned on four pipe circuits each of whi 
and return valve It has been found that 
control of these units is necessary, so the el ree 
to the tans have been redivided and so switch 
basement that the Ope can , ’ ' 
unoccupied spaces This means that if one unit he 
cooler in a zone has to operate, the fans of the 
can be turned off. Only 11 switches are needed t 
care ot this arrangement as several ot the stores 
have sinilar business hours are groupe 

During the first year of operation, records wet - 
ot the mside and outside conditions and the pl 
operated according to the best judgement of tl engine 
\ portable temperature and humidit recordet 
placed in the offices and stores and s wep 
door wet and dry bulb records wer: ule w 
psvchrometet From these records the lengths of tir 
required tor winter “warm up and sur Tr ( A 
were determined for the various outdoor . 
Lhe length OL tine required to prepare the space 
occupancy was tound to vary with temperature, day 
the week | Mondays alwavs take longer). methods use 


and the degree ol conditioning required within the space 





Here is a description of an operating schedule 
and chart which has been worked out for a store 
and office building air conditioned the year 
‘round. It has been found to be valuable in aid- 
ing men untrained in the theory of air condi- 
tioning and new men unfamiliar with the 
plant to operate the system with satisfaction to 
the tenants and economy to the owners _ 
The scheme is applicable to any plant that takes 
care of more than one air conditioned space, 
and the methods of determining the schedules 
can be used to the possible advantage of improv- 
ing operating economy in such plants and in 
plants serving only one space .. The proce- 
dure described covers the winter heating and 





humidifying cycle as well as summer operation 
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Figs. 1 and 2—The original duct layout was changed to prevent 
possibility of exhausting outside air from the preheat chamber 
of the air washer if there was high resistance to air flow due 
to the filters being dirty but not dirty enough to throw away 


upon arrival of the tenant. There is but little variance 
in this latter, although one or two tenants want very 
little cooling in the summer. 

The fastest method of warming up the building in 
the winter—and probably the most economical because 
of the shorter time required—is to heat the air to the 
highest temperature possible and circulate it through the 
spaces until shortly before opening time, when it 1s 
reduced to normal operating temperatures to remove the 
odors of overheating. During this period no outside air 
is taken in, but the air is kept recirculating by running 
both the supply and exhaust fans. Temperatures often 
reach 120 F and no effort is made to control the humidity 
until normal temperatures are again established. 

In order to use both fans for recirculating the air, 


} ] 


changes had to be made in the duct work. Originally 


the ducts were installed as in Fig. 1. It will be noticed 
that if there were high resistance to air flow through the 
filters, it would be possible to reverse the air flow 
through the recirculating duct and exhaust outside air 
from the preheat chamber of the air washer, thereby 
preventing any recirculation and reducing the economy 
of operation. This reversal of the air flow actually took 
place when the filters were dirty even though they were 
not dirty enough to throw away. Due to this action 
the useful life of the filters was shortene 

With the new arrangement of the ducts, Fig, 2, it is 
impossible to reverse the flow of air in the recirculation 
duct. However, to control the flow of air through this 
duct more accurately the exhaust fan discharge damper, 


which was automatic, has been changed to manual oper 
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ation. With the exhaust fan damper and the recir 
lating duct damper both manually operated, any p 


centage of exhaust air can be recirculated at the will 
the operator. This arrangement has been carried 
on each of the air washers. 

These dampers—with the shut off dampers, zone 
cuit valves and booster switches, which have all be 
added since taking over the plant—have not been m: 
automatic for several reasons. First, their complex oy 
ation would require a very intricate control system, 
secondly, the building caters to a large number of tena: 
and the normal rate of change among them must 
expected; of course, with each change in tenancy, 
alteration is involved which affects the services fron 
air conditioning plant and it is easier to adapt si 
control systems to new routines than to make over 
complicated unit. Thirdly, the expense of a complica 
control system, with program switches and all is pi 
ably unwarranted for this type of a system. And 
but not least—the variations in the tenants’ demands 
heating and cooling, both as to the degree desired 
the extra hours for special or overtime work, dis 
aged any arrangement which could not be easily cl 
\s a result of this, only about half of the functions 
the plant that are normally automatic are so oy 
The other half are manually operated 


The Operating Schedule 


rhis large amount of manual operation requires 


; 


some sort of a schedule be arranged for the oper 
crew so that things will be done at the proper tim« 
not forgotten. The schedule finally evolved is show: 


Fig. 3. It will be noticed that there are four vari 
on this two-dimensional chart: (1) tl 


performed, (2) the time to perform the functions 


le functions 


changes in the time due to variations in the 
weather, and (4) changes in the time due to the 
tions in the tenants’ business hours during different 
of the week. The winter and summer schedules 
separated because there is an entirely different gt 
operations for the two seasons and listing all iten 
chart makes it too bulky for easy reading Phe « 
chips that denote the different days of the week ar: 
of colored scotch tape, the kind used for tying Christ 
packages. This tape is preferable to colored inks 
cause it can easily be removed from the chart and 
elsewhere, or a new color substituted, and becau 
comes in rich colors that make a better looking 
The ability to change the chart quickly with chang 
occupancy is of great advantage. 

Fig. 3 shows one of the sections of the chart 
during the winter; it happens to be the one for 
No. 3, which stands watch from midnight to & 
Notice that there are four different color chips 
senting different combinations of the days of th 
blue is for Sunday only, red is for all week days, 
is for Monday only, and green is for the other week 
It is impossible to use a different color for each 
the week because each of the colors would have t 
the tunctions that are performed every day of th 
It has made a simpler chart to use the method s« 
and it has not been too confusing to have tw: 
chips representing the same day. 

Let's assume the operator is reporting for w 
midnight Sunday. He sees from the color cod 


: He 
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art that he is to do all functions opposite a blue chip, Notice that for each 20 deg differenc 
» he will look on the chart at the proper time, which is temperature, there is a ng i 
2-01 a. m., and he will do all of the things listed in the performing of certain duties. Also not 
st seven lines. The closing down schedule is not morning certain functions are t 
fected by the outdoor temperature. At 5:30 a. m. he earlier than on other week days. 1] 
ids the outdoor temperature thermometer and we'll determined e re 
it shows a reading of 5 below zero. He again checks ther ete ( ed | ’ 
e color code and finds he is to do all operations on Sunda S 
lowed by a red or yellow chip (Monday morning). than on other days ( 
e checks with the outdoor temperature code and finds can get mixed 
at he is to use column No. | under each “time of day” ind the temperature 
eading so he looks under 5:30 a. m., follows down 
lumn No. 1 and finds the second group, of six fun Charts Supplement Schedule 
ns, is to be done as each of them is opposite a red 
| 
vellow chip , 
\t 6:00 a. m he again checks with the schedule nd 
finds in column No. 1 two more groups of four sets 
functions to be done \t 6:30 a. m., when he follows 
wn column No. 1, he finds only three things to do ture s to ¢ 
wosite a rec ( vellow chip Those opposite the rTeeC! ( 
ips he does not pay any attention to because they ar : 
be performed only on the other week days You will | 1” 
ce, however, that he has already completed these 
ctions a hali hour earlher At 7:00 a. m. there 
en more items and a 30 a. m. the last e ite 
| 7 
} \ i LITE ‘ Vs WoOTK 
Fig , This operating schedule allows for fou vartalel 
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for a short time. It also comes in mighty handy | 
the regular operators to refer to. 

With all this scheduling of operations, the plant | 
been efficiently run by men who have not been trait 
in the theory of air conditioning. It takes about a we 








for an inexperienced man to be able to do a good j; 
of operating the plant—not that he has learned the ru 
ments of the theory behind it, but he has learned to 











terpret the schedules and charts and has gained kno 
edge of the location of most of the valves, dampers 
switches that have to be watched. The men have 














lowed the schedule carefully. 


Results Show Value of Scheme 
























































The to.al amount of steam used for heat last seas 
in this Chicago building was 2.944.000 Ib, and the t 
dezree day figure was 58605, giving the economical c 
4 = . . t} joure rF O7? Il r ste; = cree - 
Fig. 4—Operating engineer flushing sumption figure of 0.72 Ib of ste um per degre day 
= the nozzles in one of the air washers 1000 cu ft of building volume. The refrigeration 1 
chine has used an average of 95,640 kwhr and 960.0) 
bulb temperatures on the graph, he will find the zone cu ft of water per summer for the three full seasons 
marked with the column number he is to use. The zone has operated. This is approximately 2.5 kwhr and 
marked 4 incidentally calls for no heating or cooling; cu ft of water per sq ft of rentable area per summer, 
zone 3 calls for adiabatic cooling only; zone 2 calls for a cost for both of $0.0507 per sq it. 
refrigeration and zone 1 calls for the refrigeration to This cost, of course, is only for the electricity 
start a half hour earlier. Zone 3 is chopped off at the water for the refrigeration machine. The cost of ope: 
58 F wet bulb line because any higher temperatures will ing the fans is not included, but amounts to appr: 
give too high a humidity in the building with adiabatic mately $0.02 per sq ft more per summer. The total « 
cooling only. The condenser water rates shown are to of air conditioning, including all standby charges oi 
enable the operator to check his water consumption easily terest, amortization, insurance, labor etc., is of cou 
through the day. higher, but these items are not included in the scope 
In addition to the schedule and operating chart, there the engineering department's present work 
is an operator’s manual that sets forth the function of One of the things that helps maintain economy of 
each unit in the engine room. The manual is illustrated eration is the regulation of the recirculated air acc 
with photographs as ae , :' —_ 
“Sie " Fig. 5—This operating chart is used with the schedule shown in Fig. 3 
shown in Fic. 6. 2. O-—— SAE OBS wali atl. 
The items are clear- \} 
! ly described and the i! 
nethods of : [ Gi 
methods of opera . MAF 
: ¢ ” + ss e +4 ONG PGA : 
tion and mainte SS CT 
. ry. ” ahs sees | 
nance are given. The OW 
; ; “ SRR 4- est 
manual describes | HS d0444 . 
. RANDY 4 a 
each unit separately | HRA F | 
and tells what it is FRAY . 
. . ° ie RRR? 4aoy Ses 
for, how it does its a IANA } z 
FRR 5 
work and what to do J oS Os ) 2 a 
if the unit fails to ° RRR 9) i 
: : bee. > BPO AIK LALALA ss 
function properly. | 4 *VQROQy VAA 
_ . My | , “RE ny tt CA 
There is also a list | Se My LA F 
- | * AS tL /K toe Se 408 Se Gee OO Ge WS OO KO cee Goo Moc 
of all valves, damp- | eS 6 es te ae Ty > CeeereenD Sen es Sam 
r= a ce : . se DOIN TFG GF! MAXIMUM WATER RATES FOR 
TS i switches by . rot 
ers 8 swite - y | “Ry B28 Ceassuesn 
“r OLV y ~1T WORD AA VSIA 
| number giving the 7 RRA pote de tN SS 
location and what ‘ Sear LAZINN 
they control, and a “Ss 2 ~ =s 7 7 “ E — ™ 60 © ee 


a ca 
Dry BULB TEMPERATURE 
SUMMER TEMPERATURE CODE 


list of all the valves, 
dampers, switches, 














fuses, meters, etc., s a 
arranged according | F vs 
to the tenants’ x :« 
spaces. Such a man F :* 
ual is invaluable to | : +. 
a new man entering | P i Fe ; 








”* “ co 6 mm a fe 
CIRCULATING WaTE® TEMPtRatuet 





the plant, or a man 
making a sick relief er % be SOF Be. . ete, fee eee P 
Qty 
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Fig. 6 shows the spray pump and its piping. On the extreme 
ht is the steam line for humadifying and the recirculati 

ine from the washer pa The large valve just below the pipe 
shuts off the recirculated water. The next large pipe is th 
hilled water line from the refrigeration machine. The therm 

stat shown on the discharge pipe from the pump controls thé 
mtomatic valve on the chilled water line to regulate the temper- 


} - } } . 
ture of the washu wate The thre 


smaller valves f 
y I } ? - - _- c . . ~ << 
the thermostat are the shut valves jor the nozzles 


Sample paragraph and illustra- 
operator's manual 


Fig. 6 
tion from the 
ing to the wet bulb temperatures involved. Psychrometric 


tables show the wet bulb temperature as the absolute 


Multi-layer Construction of 


American Petroleum Institute 
McLean Jas 
per* discussed the multi-layer construction of thick wall 


At the meeting of the 
held earlier this year at New Orleans, T. 


pressure vessels, from which the following abstract has 
been prepared 

Multi-layer construction is a development which has 
grown out of the failure of small thick wall, high pres 
sure vessels to give the service expected of them. Four 
such thick wall pressure vessels, 12 ft long, with an 
outside diameter of 33'4 in., and a total wall thickness 
of 35¢ in., were built several years ago and tested to 
destruction. In no case was the pressure value at failure 
more than 75 per cent of what had been expected ac 
cording to commonly-accepted cylinder formulas. A 
careful study of the test data thus gathered made it ap 
parent that the accepted formulas were not applicabl 
for heavy, solid wall “small diameter” vessels, 1. e., ves 
sels in which the ratio of diameter to wall thickness 
D/t) was in the neighborhood of 10 or less 

This situation acted to spur on a thorough investiga 
ion, and multi-layer construction showed a marked su 
periority over other proposed methods. A patent was 
secured 
ssel is constructed of several layers of descaled steel, 


covering this construction. The multi-layet 
h progressively wrapped and tightened around the 
linder by mechanical means and then welded together 


the edges. The thickness of each outside layer is 


Heatinc, Prpinc anp Am Conprtiontnc, Octoper, 1939 





criterion of the total heat in the air so the operat 


watch the outdoor and the recirculated a I] 
peratures and at any time that the outcd vet bull 
lower than the recirculated air wet bulb, all recirculat 
is stopped and the indoor air is exhausted. Oh 
borderline days during the spring 
dition will arise and also occasionally it will be 
more economical to exhaust the inside air whet 
bulb temperature is lower than the out 
because of the difference in the vet bulb t perature 
Changing the recirculation according ( 
temperature instead of the dry bulb is s et c 
engineers overloo iutoma col 
complish 

Kach of the man trunk ducts connect 
dratt or slant gage, and the pressure 
is kept constant by changing thx rtex volun 
trol dampers on the fan inlets . ect 
control the air flow into the remaining spaces whet 


of the branch ducts are closed off with the special da 


ers The same control could be accomplishe: 


variable speed devices for the fans in plac« t 
tex dampers, however. Only one draft gage is used ar 
it 1s connected to a manifold in the tubing fro: 
ducts. 
A vreat deal of effort and tim Was spent 

piling the charts and manuals, but there is no doubt t 
the time has been well spent | I] | ie tf 
produce economy of operation as long as the | 
stands 

Thick Wall Pressure Vessels 
gene rally less than ,; In whereas the inside 
may be heavier. Only the inside layer is leakpro acl 
subsequent layer 1s pertor: ted with sn all holes for vent 
ing. After all lavers have been added. the ends are 
chined for th welding PrTOOoVe Che contact betwee * 
layers is so uniform that it is difficult to determine fron 
visual inspection that the vessel is not made from solid 


steel plates. With the ends machined, the sections ar 


welding in manner similar to the w 


sections of solid wa 


assembled by 


1 ' 
lt vesseis are jomed 


The tight fit between various layers is appar- 
ent from this close-up of a multi-layer shell 
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The oil pumping, heating and straining equipment may be neatly and 
efficiently arranged on a steel pan and delivered to the job as a unit 


Piping and Handling Heavy Fuel Oils 


for Boilers and Industrial Furnaces 


By Paul R. Unger“ 





K AVY fuel oils have been widely used for large i combination of boilers and industrial furnace 

boiler plants in both stationary and marine prac the same roof 

tice and also for large industrial applications The principal problem involved in burning Bu 
of various types In the past few vears, however, a il is one of transportation—bringing the oil 
new series of problems has arisen that had occurred storage tank to the burner at a temperature whi 
previously in rather isolated cases. The medium sized reduce the viscosity of the oil to where it will 
fuel user in both commercial and industrial plants has freely and atomize easily. At first glance, this may 
evinced a great interest in burning heavier fuels as the easy. One might think that all that is necessary 
result of a differential in prices between light and heavy put a steam coil in the storage tank to keep t! 
fuel oils throughout the country, the natural desire for warm. This, of course, is a step in the right dir 
low cost fuel operation, and the rapid improvement in and is exactly what was done tm the early oll 
equipment. The demand has been not only to burn this installations in large boiler plants. Heavy fue 
residual oil but to burn it with practically automatic however, require a higher temperature for actual 
controls. We can probably best discuss the subject by ization than for pumping the oil from the tanks. As 
dividing it into classifications and discussing each one ing, therefore, that a temperature of 170 F is nec¢ 
separately, afterwards discussing such plants as may be for combustion it is obviously wasteful to keep the 
a combination of these classifications tank heated to 170 F. Not only is it wasteful, bn 

Our first classification will consider low  pressur the average oil burning installation some 50 to 60 ft 

steam and modern forced hot water boiler plants; the from the storage tanks, there is also a considerabl 
second will deal with high pressure boiler plants; the perature drop before the oil gets to the burners 
third will cover imdustrial furnaces and processes of means that a still higher tank temperature would 
various kinds; and the fourth will treat of plants having to be maintained. This also introduces serious prob! 


sean iia” eet Gebdind Os. Ciaaabitiin ‘Mintanies in pumping the oil to the burners as due to the va 
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n the oil suction line created by the fuel oil pump, th 
flash point temperature of the oil 
and cause gassing, which seriously affects the mainte 
Therefore it is bot! 
economical and advisable to maintain the oil in the sto: 


nance of a steady oil pressure. 


age tank at as low a temperature as is conducive to good 
pumping conditions. 

Generally speaking, the oil pumping temperature fo 
Bunker C fuel oil is approximately 100 F. 
coils originally used for this purpose consisted of con 
tinuous pipe running back and forth the full length oi 
the tank until sufficient heating surface was introduced 


The steam 


This, of course, maintained a high temperature in tl 


entire oil storage tank. Modern practice has shown that 


this is not necessary. It is necessary to maintain t! 
high temperature of the oil only locally at the point 


where the oil enters the oil suction stub. This is accom 
plished by various methods 
1) Using a spiral heating coil with the suction stub connected 
1 the center of the coil. This may be still further localized 
dropping a sheet metal housing around both the oil suction stub 
and the coil, leaving this housing open from the hottom of the 
tank to approximately 6 in. above the bottom of the tan! 
(Fig. 1) 

2) The use of a suction bell which consists of a s1 
tainer at the bottom of the tank into which both the 
and return lines enter and which contains a small coil (Fig. 2 


;) Omitting the coils in the oil storage tank entirely and 


recirculating the oil which ts heated externally back to tl 
storage tank in the oil return line, terminating this line adja 
cent to or in the center of the suction stub (Fig 
method will be discussed more fully 

In many low pressure plants the use of the steam coil 
is impractical because of the difficulty in returning th 


With the rapid development 


in forced hot water heating, it is natural that we should 


condensate to the system 


solve this problem by the use of hot water coils in placé 
of steam coils in many low pressure installations and 
certainly in all installations with forced hot water boilers 
Such a hot water coil consists of a spiral coil similar 
to the steam coil except that additional heating surfac: 
is necessary as well as a circulating pump sending th 
hoiler water through the coils in 

the oil storage tank and return 

ing it to the heating system. This 

circulating pump may easily be 
made automatic from an aquastat 

in the oil suction line and oil suc 


; 


ion temperatures may be main 
tained within close limits. ‘1 
In some plants there is objec 
tion to circulating the boiler wa an 
ter directly mto the coils of the 
storage tank because of the + } 
possibility of getting oil into th 
boiler in the event of a leaky coil 
In these cases, a transfer heater 
may be used to heat the hot wa 
ter for 


circulation with either 


ler water or low pressure 
steam, as the case may be 

In single tank installations 

rning heavy oil it is better to 

One of { : 


ise two oil suction lines. 
se lines, called the “low suc 
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would be lower 





Mr. Unger discusses here the methods of pump- 
ing, heating, and piping heavy fuel oil to burn- 
ers in medium size boiler plants 
high pressure. 


both low and 
In a second article, he will con- 
sider handling heavy fuel oil for industrial fur- 
naces and processes, and combination installa- 
tions where both boilers and industrial process 


furnaces are fired with the same grade of fuel 








two oil suction stubs 
it 1s possibl tO wus orn suct 


line, running one of the ines to thi vy suct 
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capable of supplying all of the fuel oil required for all 
of the burners. This consists essentially of a duplicate 
oil suction strainer designed so that either basket may 
be cleaned while the other is in service, two motor driven 
fuel oil pumps operating at no more than 300 rpm, two 
fuel oil heaters using either steam or hot water and a 
duplicate oil discharge strainer. Individual relief valves 
should be placed on each fuel oil pump and each fuel 
oil heater. 

Where the plant is of the type that may shut down 
at night or over week-ends, an electric heater should 
he provided. The electric heater may be one unit, large 
enough to take care of all of the oil burners, but if the 
burners are to be entirely automatic or intermittent in 
operation, there must be an electric heater on each 
burner. It is possible to arrange the oil pumping, heat 
ing and straining equipment very neatly and efficiently 
on a steel pan which may then be shipped to its destina- 
tion complete with all interconnecting piping, valves and 
fittings, as a unit. In this way the entire oil handling 
system may be tested before delivery to the job. 

The oil preheaters and pumping unit should be of sufh- 
cient capacity to raise the oil to the most efficient operat- 
ing temperature. This will vary with different types of 
oil burners, and different viscosities of oil, from 160 to 
200 F. After heating the oil to the proper temperature, 
it is essential to get the hot oil to the oil burner as quickly 
as possible to minimize the drop in oil temperature be 
the oil burners. Where 
it is best to take a circu 


tween the oil heaters and 
burners are ignited manually 
lating line from a point adjacent to each burner and run 
it back into the oil return system so that this line may 
be opened to purge it of cold oil that may lie between 
the oil heater and burners before lighting off the fires. 
This will eliminate a great deal of difficulty which is 
encountered due to the so-called “dead end” oil lines. 
If possible, it is well to use a continuous circulating 
system, circulating hot oil by the burners and back into 
the return line. In this event, both the heaters and fuel 
oil pumps would have to be larger than the actual fuel 
oil requirements. The has made a number of 
installations in which this type of system is used and in 
which the heaters and fuel oil pumps have been enlarged 
to a point where sufficient fuel oil is returned from the 
burner to the storage tanks to maintain the proper tank 
temperature. In many cases this has eliminated the use 
of coils in the oil storage tank, as discussed above. This 
method of heating an oil tank may be used only where 
In the case of two 


writer 


the plant consists of a single oil tank. 
or more oil tanks it is obvious that while returning hot 
oil would keep the tank in use at the proper tempera 
ture, the other tanks, lying idle, would cool down to 
where pumping would be difficult or even impossible. 
Therefore, where there are multiple tanks, coils must 
be used. 

Where the burners are operated under automatic in- 
termittent control, the coils in the tank and the oil 
heaters on the line still will not provide hot oil at the 
burners after an off period and improper combustion 
results until the heaters reach the correct temperature 
and the cold oil that lies between the heaters and the 
burners is consumed. On this type of installation, there- 
fore, it is necessary to install an electric oil heater as 


close to the burner nozzle as possible. The heater should 
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be equipped with a double circuit thermostat or tw 
thermostats, one arranged to keep the burner from start 


ing until the proper oil temperature has been reache: 
and the other set to cut off the electric heater as soo: 


as hot oil is received from the steam or hot water o 
heater. 

The problems in firing high pressure boiler plant 
with heavy oil are, with a few differences, similar 
those heretofore discussed. In this type of plant it 
not necessary to resort to hot water coils or hot wat: 
type fuel oil heaters. The coils in the oil storage tar 
should be operated at a pressure of from 50 to 100 I! 
If the boilers operate at higher pressures than these 
is advisable to put a pressure reducing valve in the stea: 
line to the coils. Temperature regulation of the oil 
the storage tank may be accomplished by various typ 
of temperature regulators situated either in the sucti: 
line or in the oil storage tank actuating a steam val\ 
in the line to the tank coils. Where high pressure steai 
is used for the final heating of the oil it is essential tl 
these booster heaters also be equipped with thermostat 
control as it is possible to overheat the oil 

In a high pressure boiler plant the problem of ci 
culating hot oil from the oil pumping system to 
burners is a more serious one than in a low pressu 
plant because the distance between the pumping equi 
ment and the burners is sometimes much greater t! 
in a low pressure plant. The method of piping up 
oil burners from the pumping system to the boilers d 
pends considerably on the type of oil burners usé 
Where rotary burners or air or steam atomizing burner 
are used, circulating lines are provided as close to t! 
burner as possible and all piping may be standard weig! 
Where the mechanical pressure atomizing oil burne: 
used circulating lines should be provided at each boil: 
There is at least one oil burning system on the mark 
today which maintains continuous circulation of a w 
form amount of oil at a constant pressure through 
gun of the burner and through the atomizer, returni: 
to the storage tanks after atomization that oil whic] 
not burned. With this type of lay-out, the clement 
temperature drop between the heaters and th 
is practically eliminated. The inlet 
system is 300 Ib and the control is accomplished throu; 


burner 


pressure of tl 











a control valve on the return line by varving the bac! 


pressure between the atomizer and the control val 
This permits constant circulation, washes the atomi 
and tips during operation and keeps the tips cool, t! 
preventing the formation of carbon. Better still, it p 
mits operation over a very wide range of load conditio 
without changing tips or changing the character of t! 
fire. 

It is good practice in both high and low pressure boil 
plants to insulate the hot oil lines. It is an econo 
measure and it helps maintain oil temperatures. W1 
coils in the oil storage tank are used, it is wise to w1 
oil and steam or hot water lines together, between 
oil pumping set and the oil storage tank. If these li 
are underground they should be run in properly drai1 
tile. 

[A second article will handling 
industrial furnaces and processes, and for 
tions where both boilers and industrial process 
fired with the same grade of fuel.) 


discuss heavy fuel 
mbination tmst 


f . 
furnaces 
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_ Study of Building 
_ Shows Money Value of Good Operation 


By 


Earle Shultz 


OR the ot the 


which one can make economies in the use of steam 


purpose determining extent to 


for heating buildings and of determining which of 





Heating Economies 


and J. C. Butler? 


pives totals of the dati 


lable | 


questionnaires that wer 


contain 470,134,000 


0 usable 


reporting 


) 





the many methods of accomplishing these economies senting approximately 24,000,000 
gives the best results, a joint study was undertaken by Their steam consumption for he 
the National Association of Building Owners and Man present time amounts to 1,467,380,000 
agers and the National District Heating Association. To half of the buildings returned « plete 
secure the necessary information, a questionnaire was iving figures before and after t 
prepared and distributed by the two associations. Un ing economies Che remaining 
fortunately, the work was started late in the year, and tially complete ne curre ( 
: : Che buildings giving el 
Table 1—Heating Steam Consumption Before and After Application of ee 
Heating Economies rie ive Nn ( t 
] 4 » 
( ippica i 44 
STEAM FO! Le STEAM } , 
VoLumr HEATING La STREAM Dec Day PEF sid . CRP be ‘ LAK 
OF 1000 1000 Ls per Dec Day 1000 ¢ I ( : . . () &2 
Bipcs. | Cu F1 Sa ind a consump 
l; ’ " ’ ‘ 
Berore | Arter |Berore, Arter Berori \ - 
1 
scnts a saving <« =F. px t L ihe 
9 261.888 1.160.254 * 818.939) 202.268 151.921 0 2 0 580 i 8 ( 
4 208,246 ] 648.441 132.546 06 I olving | nl part re ‘ , 
153 470.134 1.467.380 24.46 » 60S consumpt 0.637 ote 
per 1000 cu ft lun 
the number of replies was not as great as desired. Con ure economi One 
sequently, this must be in the nature of a progress report plete returns Phe conclusio ‘ 
However, sufficient replies were received to furnish buildings are largely pra ( 
some general conclusions of interest and to indicate that have Ires tilable w , 
a more complete study should be extremely valuabl € savings ace plishe 
One hundred and eighty-nine questionnaires were fr . : 
— MF ' , Economical Rate of Steam Consumption 
turned, of which 153 were sufficiently complete to be 
usable. Those that could be used were divided into In preparing ( nna ( 
two groups; 79 contained information as to steam con he det ha ( e per u 
sumption, both before and after the application of met! 
ods of heat control, while 74 gave only current data. We 
have not attempted in this report to analyze coal figures, 
because mber of returns containing this informa +, : 
™ the nu = lo determine the extent to which economies 


tion is insufficient to vield definite results 
This report covers a study of the steam used tor 
hot 


other non-space heating uses has been eliminated 


spact 
and 
\s a 
number of replies did not separate heating steam from 
Was necessary to 
Where the consumption for the 


heating only. Steam used for cooking, wate! 


total steam, 1t for the committee esti 
mate this distribution. 
three summer months was given, this division has prob 
The 


sity of estimating these figures, however, introduces som: 


ably been made with reasonable accuracy. neces 
element of uncertainty in the results. 

The questionnaire was in four parts: Part 1, statis 
cal data; Part 2, methods of saving heat without us 
Part 3, control apparatus; and 
The committee’s work in 


f control 


apparatus ; 
ut 4, general conclusions. 
preparing this report has been principally that of sun 
arizing the information furnished in the questionnaires 
Il opinions expressed or conclusions reached are based 


pon this information. 


*Vice-president, Illinois Maintenance and Chairman, Joint ¢ ‘ 
tee on Heating Economies of the National Association of Building 
ners and Managers and the National District Heating Association 


tChief Operating and Commercial Engineer, Illinois Maintenance Cs 
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in the use of steam for heating buildings can 
be made, a joint study was recently made by 
the National Association of Building Owners 
and Managers and the National District Heating 
Association. In brief, the following important 
conclusions may be drawn from it: (1) Care- 
ful and intelligent supervision of the use of 
steam is the first requisite in securing economies. 
(2) Steam meters should be installed on the 
supply to the heating system and daily pounds 
of steam per degree day records kept and com- 
pared with the standard. (3) The heating svs- 
tem should be maintained in good repair and 
if necessary overhauled so as to permit rapid 
circulation of steam at This 
may involve the use of accurate and sensitive 
reducing valves and the 
in risers and radiators. All building air leaks 
should be eliminated. (4) A heating schedule. 
carefully worked out for each individual build- 


ing. should be used. (5) 


low pressures, 


installation of orifices 


Automatic heat control 
devices will definitely assure savings that will 


pay their cost in from two to four vears 





Hy 




















Table 2 


Reports Grouped by Cities 


| Ls STEAM PER 


: No. or | VoLumE| Le STEAM Dec Day PER PER Crry 
City BLDGs 1000 PER Dec Day L000 ( Fi CENT Ert 
Cu Fy SAVING PER 
: (ENT 
Berore | Arrer |Berore AFTER 
Chicago j 23 120,017 100,165 70.357 0 835 0 586 ) 2 
13 76,553 4 o3 0 623 
36 196.570 118.060 0 601 0 
Pittsburgh i 28,816 18.771 14.115 0.652 0 490 i 8 
x 31.476 0. 308 0 645 
15 60,292 $4,423 Oo 571 
Detroit 13 31.525 20.569 18.464 0 65 oO Se i 1 
; 13,290 5 720 0 39 
16 44,824 13,744 oO 53% RR 
Portland, Ore ; 6,420 5.810 4.950 0 905 0 ! 14 8 
i8 20,914 14.975 ( 1¢ 
21 27,334 19,92 0 121 
New York ; 26,349 15.140 11.510 0. 575 0 43 40 
Baltimore 6 14,135 » 264 6.60 0 655 0 4 8 
; 8,77 5.800 0 661 
? 22,912 12.40 0 54 rl 
Seattle 6 19,862 8.210 0 41 68 
Indianapolis 2 >? 835 4,286 3.180 1 510 1.12 
10,904 8 04 0 &?1 
9 13,739 12.125 0 88? i4 
St. Louis 5 11,891 10.001 & 565 0 841 0 14 
1 1,335 1.001 » RI 
6 13,226 1655 0 1 
Milwaukee 6 12,733 11,633 » 218 0.914 0 4 { 12 
Philadelphia 1 2,060 2.190 1.520 1 063 0 x ) 
1 7,973 3.500 0 43 
2 10.033 5.020 0 500 s 
Peoria 5 6,280 340 1 1 1 
Omaha 2 2,137 1.900 1.500 0 1 0 » 46 
; 2,895 » 225 0 
5 5.032 5 4 1 
Cincinnat 2 3.547 3,080 oR i4 
\tlanta 1 2,71 1 oo! 5 
Rochester 
N ; 1.765 1575 1.235 08 ) 700 1 lic 
South Bend ; 1.714 1.370 0 7900 1 
Yakima 1 720 | 430 420 0.59 583 { 
St. Josep! 
Mo 4 485 450 20 0 G22 0 87 N 


\ study 


sible through modern methods of heat saving 


of the replies, however, indicates that the use of a “pet 
centage of saving” figure is probably misleading Phi 
largest percentage of saving accomplished occurs in 


buildings starting out with the poorest utilization of 


steam, and in many of these (although a large saving 
has been accomplished) the rate of steam consumption 
Consequently, the committee thinks that a 
from the 


is still high. 
safer guide to efficient operation will come 
determination of an economical rate of steam consump 
tion rather than a percentage of saving \ study of 
the questionnaires indicates that such an economical rate 
is 0.6 lb. of steam per degree day per 1000 cu ft of build 
ing volume. This figure will, of course, be subject to 
adjustment for individual buildings based upon their type 
of construction, size, exposure and occupancy. It may 
also be further adjusted if the committee, during the 
coming year, obtains steam consumption figures for a 
Nor should it be 


much larger number of buildings 
| the averagt 


considered the minimum possible, as it is 
of all buildings reporting—both good and _ bad 
ever, believe that if 
steam consumption against this figure of 0.6 lb of ste: 


it will be a fairly safe guide to efficient operation 


How 


we every building will check its 


itl, 


! 


Analysis by Cities 


In analyzing the questionnaires, the committee 


grouped the figures under several classifications—such 
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as cities, source of steam supply, type of occu 
pancy, type of heating system, type of control 


volume of building, and hours of heating 


Rerokts order to make comparisons in the several clas 
sifications. 
Sanaa Table 2 groups the returns by cities. Nine 
— teen cities reported and for about half of thes 
ne the number of replies received was too small t 
= permit safe conclusions. There has been sor 
Cor doubt as to whether there could be deve lope 
— any accurate method of comparing the stea 
re consumption of individual buildings ot 
Aare buildings in different cities. This is based up 
two things: (1) differences in constructi 
Complet and occupancy of the buildings themselv: 
—- and (2) differences in climatic conditions ot! 
= than degree day data as between cities. W!] 
: each individual case will vary somewhat 
Aces any standard, the committee believes the 
ot Ib of steam per degree day per 1000 cu 
: of building volume can be used as a reasor 
basis of comparison. If the average stea 
sumption for the several cities is comp 
a with the average for the entire group 
Pas give at least an approximate measure of the « 
ficiency with which buildings in each ci 
—< being operated. This is shown in the tabl 
Partial der the heading “City Efficiency.” It is 
Par teresting to note that St. Louis, having a1 
nal of 45608 degree days per year, uses 121 
a cent of the average amount of steam pet 
eree dav per 1000 cu ft: whereas Detroit 
ing 6415 degree davs per year, takes only $ 
os per cent of the average amount otf stean 
like manner, Portland, with 4447 degree 
per year, uses 121 per cent of the average amout 
steam: whereas Seattle, with almost the same number 
degree days (4592), uses only 6&8 per cent of the 


i steam. It is possible that in Detroit, B 
more, New York, Philadelphia and Pittsburgh, all 


which have low steam consumptions, the general us« 


amount 


purchased steam, supplemented by the intensive uti 


tion work of the local steam companies, is a contributi 


t 


Analysis by Source of Steam Supply 


In the second study, Table 3, the rephes were grou 


according to the source of steam supply. One | 


and twenty-four buildings purchase steam; 29 buildi 
The building 


ing steam made a saving of 26.4 per cent, whereas t! 
of 18.9 


1 
Ss purc! 


operate their own boiler plants 
operating their own plants made a saving 
Source of Steam Supply 


Reports Grouped by 


+r > 
ubpie , 


LeS ' : 
La STEAM PER LB STEAM ER 
. Fi V UME Dec Day Dec Day PEE Py 
oI BLD 1000 1000 Cu Py oo LR 
rEAM ( Fy . 
BEFORI AFTER | BEFORE AFTER 
' 
O8 16.16 161.638 118.944 0 48 Oo $so , 
56 135.323 80.375 0 504 
124 351.490 199.319 0 56 
11 45.721 40.635 32.977 0 220 0.721 18 
Is 2,923 $2,171 0 715 
9 118,644 85.148 0.718 


Heatine, Preinc anp Am Conprrioninc, Octroser, 19 




















ent Che bur 
‘ rate before 
those buildings 
vs purchasing st 
US 
meee It would ti 
1 consume 15.9 
] 2] pr r cent le 
Iding’s operating 


it to two causes 


' 
isses inheret 


am 


econonnes, Of 


yenerating 


6/7 as against U./18 for those 


steam 


have a present 


Idings purchasing steam 


0.748 


as 





second of the 


] nee 
onsu r 


bicdfi a 4 


aS aAllis 


\lso, the buil 


consumption rat 


buildings generating 


us appear that buildings purchasing 
per cent less steam before cot 
ss steam after control, than thos 
their own plants This is main] ae | 
+} ] . ; — 2 
1) the elimination of boil 
it in plant operation; ar 2 "\ 


Table 4—Reports Grouped by 
STEAM 

M ! eG Day 

Ooo 

I 
BEFORE AFTER 
‘ 187,902 | 148,468 | 111,478 
; 136,929 $.113 
108 $24 831 06,591 
% $8815 sao 19.430 
1 49.430 345 
BS 045 48 75 
1 166 185 121 
6. RRS 1 53 131.029 
¢ 186,359 124.458 
129 413,242 55.48 
15.60 128 5.840 
12,39 2.860 
} 7,999 8 700 
. 11,122 6.750 $782 
l 924 310 
6 12.046 6.092 

& 

5 & 97¢ 11.85 9.270 
r 1 S14 690 
ge 1 3,090 90 
2 2,96 3,938 


lEATING, PrpING AND 


Aim CONDITIONING, OCTOBER, 


Type of 


La STEAM 


Building 


Dec Day 
1TOOO 
BEFORE 

0 790 

0 18 
1.114 

Lt) 

0 457 

o off 

1 433 


Obee upancs 


Sol 
594 


Ss? 


668 


619 


3] 
sil 


33 


SoC 


1939 


questionnaire 
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1 1) ~ t 
t ( | vhere se bull 
<T¢ nm I f ‘ . ri 
Analysis by Type of Occupancy 
i i > { 
( ( TT 
‘ . eating Da ( I 
Analysis by Type of Heating 
study, Table 5, the rey 
pes eating tems. Here agait 
Té ] rr ques na ( i ‘ 
S Th It re tv cl s¢ 
t sufficient numbe t returt 
ons hey are the buildings having a 
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Third and fourth pages 


pipe vacuum system and the buildings using orifices 
in the radiators and heating systems. The first class 
has 66 buildings and the second class has 33 build 
ings. Both of these classes use less than the aver 
ige amount of steam, whereas all of the other types 
(with the exception of the one pipe vacuum system, 
where only three buildings reported) use considet 
ably more than the average amount of steam. As be 
tween the two systems, the two pipe vacuum system 
used an average of 0.581 Ib of steam per degree day 
per 1000 cu ft of volume, whereas the orificed sys 
tem used 0.546 Ib of steam, or a saving of 6 per 
cent. It would seem, therefore, that there is a defi 
nite advantage in the use of orifices, 

est of the survey is to appear next month, and wili 


¢ the reports by pe } size Of Inaldinas, howrs 





A Handy Measuring Kink 


\ measurement that is difficult to take accurately 
is the exact distance between two walls or objects 
which cannot be measured directly with a rule, cannot 
he measured with a stick that is too long, or with one 
that is too short. 

\n excellent kink for obtaining the distance is 
shown in the accompanying sketch. Use two sticks 
such as laths or anything else sufficiently stiff. The 
total length of the two must be somewhat greater 
than the distance between the walls or objects being 
measured so that they will overlap as shown. Put 
them together in contact as indicated and slide out 
ward until the two ends make contact with the de 
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of the questionnaire form 


Table 5—Reports Grouped by Type of Heating System 


Le SY ER 
; STEAM ; EAM PI 


Lr No Votume per Dec Day VEG DAY P! ' ' 
Sve BLpGs 1000 1000 Cu ft . 
{ F ‘ 
BEFORE AFTER Berot Ar 
1 Pipe* 13 6 3 6.719 5.018 0 O78 } 4 
(er 10 16,160 13,063 0. 808 
» >? R63 18.081 ) 1 I 
Pi, 8 036 10.31 ) 0 96 
6 11.839 2.0 0 68 Par 
1 19.8 15 S00 l 
\ I 6 21,321 »3.510 15.830 1 1034 0 42 S 
Paul 4 688 6.015 0 7R2 P 
1 »9 O09 1 B45 0 .3 ! 
11 
\ f s i160 i) 66 | 
I » 123.209 9 44 1.08 0 78 0 ; 
Va su 146.930 86.173 oO S88 }’ 
606 'TO.R2Y 15 SH oO S81 | 
Vapo 
Pum 1 4 100 60 2 O41 1.224 m0 cs. 
r (ora ' 300 > 200 0 996 P 
Return 5 349 » 350 1. 000 I 
Orificed il 39.219 »5 968 20.951 0 662 0. 534 193 
(ray 4 608 5.400 0.710 Part 
15 46.827 6.351 0 563 lo 
Orificed 14 62.661 $8615 41.260 O 6l¢ 0.499 19 O ‘ 
Vac 4 9.443 7.368 0 780 Part 
18 2.104 38 GIR 0 536 lo 
Total 25 101.880 64.583 52.211 © 636 0 513 19 ‘ 
Orificed 5 17.051 12.768 0 749 Par 
33 118,931 64,979 0 546 Tot 
sired points Then clamp or fasten them together a F 


shown, and you have the exact distance 


A 


a wow 











This method is decidedly better than the cut and try 


method which I used before | became acquainted w1 
W. F. ScHAPHoRS' 


this time- and temper-saving kink. 
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P The Psychrometric Chart 
Its Application and Theory 


By William Goodman* 


OR those who desire a convenient method ot! quently equation 12, are 
locating the wet bulb lines, the values in Tables 2 to equally applicable if mois 
13. can be used. The end points for the normal baro ture in the form of stea ‘ 
metric pressure of 29.92 in. of mercury are given in is added to the air instead 
fable 2. In Tables 3 to 13 inclusive the end points ar of in the form of liquid 
siven for barometric pressures from 22 to 32 in. inclu either case, /i, re} 
sive. These end points show where a given line of con resents the initial 
stant wet bulb temperature intersects either the line of enthalpy of the 
constant dry bulb temperature or the line of constant moisture regardles 
ibsolute humidity which forms the border of  eac! of whether it is in a? 
chart. For example, on the middle range psychro the form 
metric chart (Chart A), the Inghest dry bulb tempera of steam ‘ 
ture shown is 120 deg. If the end point for a wet bulb or water 
temperature ot 72 deg is to be found for a barometri Ihe en 
pressure of 29 92 in., refer to the column headed th il p 
(f 120 deg) in Table 2.7 The end point is given as of satu ; 
zi 0.005851 Ib. This means that the line of 72 deg ated steam 2 a8 
wet bulb temperature crosses the dry bulb temperature at 2 Ib Fig. 12—Method of drawing lines of con 
line of 120 deg at the same poem where the horizontal 5 ag pepe i ag ly onsege perw 
line of w 0.005851 Ib of absolute humidity crosses 1153) Btu of end points 
Point 7 of Fig. 12 was located in this way. Point 2 of Referring 
this same figure is located where the line of 72 deg dry to Table 1, for this enthalpy the ratio a 
bulb temperature crosses the saturation curve for a Line 7-2 in Fig. 13 has been draw1 t nol 
barometric pressure of 29.92 in. The line of constant dently, if saturated steam at this tempe 
wet bulb temperature is then drawn between points / little change will take place in the 
and 2, Similarly, values of dry bulb temperature along ot the ai Che moisture that is being add 
lines of constant absolute humidity are given in thes has already been evaporated ; the latent heat requir 
tables. For example, in the column headed w (0). this evaporation has been acquired elsewher: e1 
the end point is given as 83.91 deg for a wet bulb ten this case represents nothing 
perature of 50 deg. This end point is located along two gases air and stean 
Ww 0 at point ? of Fig. 12. Point ¢ is located where lhe flow of high pressure ste 
the line 50 deg dry bulb temperature crosses the satura the tree ati posphe € is KNOWN 1 ‘ 
tion curve. The wet bulb temperature line for 50 deg throttling process the final enthalp 
is then drawn through points 3? and 4. For wet bulb sprayed into the air is equal to its initial ent 
temperature lines which do not cross the saturation addition, the temperature ot the steam as it leaves 


inewele and io enenued. tintin the air ic abet thy 
curve on the psychrometric chart, two end points are nozzle and is sprayed ne a eae 

: ‘ the temperature of the hich nressure steam ah 
given in the tables so that the wet bulb line can be drawn the temperature e ni | ur a 
hy vs » mK zzle. 
tween them. 





By using the end points and the tables for the various 
barometric pressures, lines of constant wet bulb tem 
perature can be drawn for any barometric pressure In addition to the elementary uses of the psy- 
chrometric chart—such as showing the relation- 
ships between dry bulb, wet bulb, and dew point 
temperatures, and relative humidity—it pro- 
vides a simple and enlightening means of ana- 
lyzing many complex problems in comfort and 


Lines of constant wet bulb temperature can be drawn 
more conveniently and accurately by means of thes 
tables of end points than is possible by using ratio angles 

\ll of the end points in Tables 2 to 13 were computed 





hy nts i~ a ; " . » . 7 . ° . " 
iv equation 25, which is presented later, process air conditioning, including drying. 
New psychrometric charts covering the low. 
Mixtures of Air and Steam middle and high temperature ranges, with sat- 
uration curves for various barometric pressures. 
As previously stated, equations 3 and 5, and conse are presented here. The general theory of the 
: psychrometric chart is discussed in detail, and 
The Trane ( Member of Board of Consulting and Contributing ’ . . 
itors the methods of solving problems by the use of 
See table of symbols, p. 358, June issue. a. _ orshe i > 
Part 5 Part 1 was published in Heatinc, Piping anp Air Conn! charts are de “ ribe d. ... These new charts 
NING, June, 1939, pp. 357-360; Part 2 in July, pp. 421-424; Part facilitate solution of most problems and lead 
\ugust, pp. 485-487; and Part 4 in September, pp. 549-551 . P , 
Copyright, 1939, by William Goodman. to clearer understanding of the fundamentals 


Neatinc, Preinc anp Ar Conprriontnc, Ocroser, 1939 613 



































tr—y, 





GISEOL 
BS /E OX 


bake’ 
£66/00 
E29/0 



































. 
. 
, 
5 
4 


’ 
6 








































ne 


Pr) 


99 



























Heatine. Preinc anp Am Conpiriontnc, Ocroser, | 


614 





When 
is sprayed 
air and the two 


stean) 


into 





¢ 4 are thoroughly 

am” mixed, the tem 

a perature of the 

™>wN/ 7 steam will fall 

and the temper 

ature of the air 

will rise until 

the temperature 

WY of the two is 

/ the same. Dur 

ing the mixing 

process, the 

Fig. 13—Relative location of ratio lines seam =surren 
on psychrometric chart for moisture in ders the heat 
various forms. The angles in this illus- that raises the 


tration have been exaggerated for the 


sake of clarity temperature ot 


Ratio line corresponds to highly super the air. Because 
eated stea . 
Ratio line rrespond saturated stean the we ight ot 
Ratio line } corresponds water at 212 
legrees steam added to 
Ratio line 5; corresponds t water at 2 
legrees the air is very 
Rati line s T Is t t 2 le 
smn small, it can sur 
Ratio lin orresponds to ice at —40 ; ; 
Banm rendet only i 
Any rati line for superheated steam will : . - Con 
fall in the sector between lines 17 and 7 little heat. m 
The ratio line corresponding to wet steam, that sequently, the 
is to a mixture of steam and water, will fall in 
the sector between lines 1-2? and 14 The mcrease in the 
ratio line for water at any temperature will : 
fall in the sector between lines s-4 and 1-5 temperature ot 
[he ratio line corresponding to a mixture of a 
ice and water will fall in the sector between the all is very 
lines 1-5 and 1-¢ The ratio line for ice at all ; lone 
ny temperature between 32 deg and 40 deg smaitl as tong as 
ee ee nermaee Eines 5S ene Fy the air remains 
unsaturated. The 
case in which the air becomes saturated and some ol 


the steam condenses is discussed later. 

The moisture ratio which determines the slope of any 
line of dry bulb temperature on the psychrometric chart 
is, as shown in Appendix 4, 


1061+ 0.45% . 116 


, ' 
where Qp = moisture ratio or slope of any given line of ¢ 


temperature ; 
h, = enthalpy of saturated steam at the given dry bull 
temperature, Btu per Ib; 


t= dry bulb temperature of the line whose slope is 


The moisture ratio which determines the slope of the 
ratio line when steam is added to air is given by g h 
where h, enthalpy of the steam added to the air. 

The meanings of /,, and h, should not be confused: 
the two are different: /, f the 
steam before it is mixed with the air, whereas /i, is the 
enthalpy of the steam mixed with the air and is at the 
same temperature as the dry bulb temperature of the 
air, 


is the initial enthalpy « 


If g is greater than gp, the dry bulb temperature of the 
ir will increase as the steam is added to the air. 


be greater than gp only if /,, the initial enthalpy of the 


q can 


steam, 1s greater than /,, the enthalpy of the vapor at a 
temperature equal to the initial dry bulb temperaturé 
If h, h., then there will be no increase in 
i¢ dry bulb temperature of the air. As shown in the 
iollowing paragraph, for most ordinary conditions /: 


' the air. 
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IS vrealel than 





sprayed into the air is greater tl he eratul 
the alr. Ne vert! ele Ss, be¢ LUs¢ the we il t ol steal at led 
to the air is usually very small little heat is surrenders 
by the steam; the increase in the temperature of the a 
is accordingly small if the air remains unsaturated 

In order to spray steam into air, the pressure of the 
steam ahead of the nozzle must be greater than the ba 
metric pressure of the air, For air at ordinary bi: 
metre pressure, the steam pressure must be greater in 


14.7 lb per sq in 


of saturated ste 


1150.4 Btu, respectively. Consequently, ii Sstean 
sprayed into air whose dry bulb temperature is 
than 212 deg, the temperature of the air must inet 
slightly the increase depending upol th weg! 
steam mixed with the air 
lf saturated steam initially at 14.7 Ib per 

sprayed into air whose dry bulb temperature is gre: 
than 212 deg, the dry bulb temperature the i 
fall slightly because the temperature of the steam 
sprayed into the air is lower than the dry bulb 
perature ol the ai lLlence, the air must cool slig 


as it surrenders a small amount of heat to raise the 
the 


will be heated O! cooled by the ack 


perature of supel he ated steam 


on whether the initial enthalpy of the steam is hig! 


lower than the enthalpy of the vapor initially mixed 
the air, 

If, instead of saturated steai uperheated st 
added to air, the ratio line will incline the right 
maximum superheat tabulated in the steam tables is 
deg. lor this cle gree ol superheat, the maximum 
thalpy is slightly less than 1860 Btu ley lal 
ior g 1860, the ratio angle is 60°-48 | t 
superheated 16000 deg, the final condition of the ait 
ing the conditioning chamber wo ve represent 

~ ~ I 
point ilong the line 7-2 Is oy 13 he i ne 
steam at various degrees of superh ‘ é ew 
between lines J >and J 

In equation 12, hk, can also represent the ent ip 

isture in the form of wet steam, that is, stean 
a quality less than one If steam at a ressure 
gage has a quality of 50 per cent (that is, it consis 
50 per cent steam and 50 per cent water carried 
pension in the steam) its enthalpy, is det en 
conventional methods would be 669.7 B ISO. 
0.5 966, 1 6609.7 Btu) Us Table 1 
609.7) Btu. the il nol 5 /4 $2’ Ret 
13, the ratio line we steam 1 evic li f 
where between ez or | uid 212 cg I 
line J | saturated steat I I s ce 
is sprayed into air, the dry bulb temperature of the 
must drop Phe reaso1 or this is if ‘ r coo 
providing the heat necessat I evap { tive 
mixed with the steam 

In Fig. 13, line 7-4 for liquid at 212 deg and line 
for liquid at 32 deg have the same slope as the « 
sponding lines shown in Fig. 8 The ratio lines 
liquid at any temperature must, therefore, lie betweer 
lines 1-4 and 7-5. In the same way, in Fig. 13, lin 
corresponds to the enthalpy of ice at 32 deg and line 

{ niimucd n haooe ff 





Now the temperature and enth 


e s ] 2 . ) ) 7 
‘am at this pressure are 212 deg 


i\ 
crT¢ 
? 
‘ 
‘ 
‘ 
{ 
TX 
I 
+} 
Lik 
y.f) 
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Detroit Edison’s drafting 


NTIL recently, few figures were available by 
which the dollar-and-cents value of air condition 
ing an office could be measured. With a view 
to finding out more about it, a study was made in the 
drafting and surveying bureau of The Detroit Edison 
Co, over the past two years. A definite unit of work was 
chosen for the test—one which would serve as a fait 
indicator—and figures were’kept during June, July and 
\ugust of 1937 and 1938. During the summer of 1937, 
in offices without air conditioning, SYS8& work units 
required 5008 man-hours. During the summer of 1938, 
in the new air conditioned service building, 10,474 work 
units required only 3872 man-hours—an increase in efh 
ciency of 51.4 per cent. 
\n interesting comment was made by M. E. Sickel 





By Paul G. Heidman* 


The Detroit Edison Co. has measured the bene- 
fits of office air conditioning in its new service 
building, finds that it increases efficiency over 
50 per cent, reduces operating and maintenance 
expenses more than 39 per cent... . Because of 
air conditioning, an economical, solid block 
building design was made possible, so that this 
six story structure contains as much usable 
space as would a conventional eight story one 
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and surveying bureau 


steel of the drafting and surveying bureau ‘ont 
out that air conditioning contributes not only to « 


fort, but also to health, he said Several times 
summer, an emplovee came back to work sooner a 
a sick leave because he was re at ease worku nN 


Che salut 


quarters than he was resting at home 
effect of air conditioned surroundings on hay fever \ 
tims is well known. People in an air conditioned oft 
breathe clean air—free from dust and pollen. Th 
having hay fever and asthma frequently obtain a lat 
measure of relief. 

Mr. Sickelsteel also commented on the effect oi 


conditioning in connection with a technical aspect of 


work in the map divison. The tracing of maps f1 
original drawings formerly was complicated by 

stretching of tracing cloth on damp days. This clot! 
made of a specially treated cotton fabric, and the fib 


stretch appreciably under humid conditions. When s 
tions of a large tracing were made on two or three s 
cessive days, they would not fit if placed side by s1 
although they had been drawn from adjoiming parts 
the same map. Humidity control has solved this ann 
ing problem. 

‘onsidering the many advantages obtained 


throu 


~ 


conditioning, one might naturally ask how mucl 


A 


one discovers the altogether amazing answer that it ¢ 


Or rather, that the air conditioning 


air 
cost to incorporate it in the new service building. 


nothing at all! 
the building paid for itself, which is perhaps a differ 
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way of saying the same thing. How was this accom 


plished? The answer is a lesson in architectural design 
~ In the past, office buildings have been designed so 
that as much floor space as possible would be near a 
window, because the window 
sential light 
narrow wings were necessary, with floor plans resem 
H, or E. In the Detroit 
service building, the simple and economical solid block 


was regarded as the es 


source of and ventilation. Consequently, 


bling the letters U Edison 


lesign was made possible by three things: (1) Com 
plete year ‘round air conditioning, (2) a unique system 
f{ artificial lighting, combined with glass block walls, 
ind (3) a style of architecture that provides maximum 
isable space at minimum cost.! 

There is nothing fancy or elaborate about this service 
building. It is a plain, practical structure—not 
sive. But thanks to lighting and air conditioning, this 


expen 


six story building with air conditioning cost no more to 
huild than, and contains as much usable space as, a con 
ventional eight story building of the U, H, or E type 
vithout air conditioning 

Thanks to air conditioning, the total operating and 
maintenance costs for the new service building (based 
on net area and corrected for the difference in the size 
of building) are 39.7 per cent lower than those in the 
company’s general office building, figured for the last 
six months of 1938. Labor costs are 40.2 per cent lower, 
$27 


lectricity costs are only 1.6 per cent 


steam costs 62.8 per cent lower, cleaning costs 


per cent lower. 
higher although the light intensity is twice that in the 
office lectricitv costs 


building include the 


power for all air conditioning equipment 


general 


oo 


SES 


, Ks # 


a iG) 


¥ 
2 
¢ 
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REF AL ANT MERE 





Refrigeration equipment for the service building 





\ir conditioning has been used for some time in manu 
cturing and industrial plants and in laboratories to 
reate ideal conditions of “artificial weather.”” Tempera 

ture and humidity are factors which—if not carefully 
mtrolled—often affect processes and chemical reac- 
ns, as well as machine operations. A good exampk 
this may be found in our own addressograph depart 
ent. Tempering of the air has almost eliminated static 
i bane of all printing devices. Formerly, static made 
rds pile up unevenly and stick together so tightly that 
y could not be evened up without stopping the opera 
design and air conditioning of the service building were descri 
tail in two articles published in Heatinc, Pirinc ann Air Con 
Ine Air Conditioning Influences Building Design, by ]. H. Walker 
ver, 1937; and Unusual Preblems Met in Designing New Glass BI 
lames .N April, 1938 


ing, by Livermore, 
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tion of the machin \lso, cards stuck to the mechar 
and buckled, then tore \ir conditionn has ret ved 


this obstacle 





Instances of improved operation in ot departmet 
are also worth noting. In the customers’ accounts d ; 
sion, a good deal of work is done on Hollerit T 

sensitive equipment used in the company’s syst 
billing. These machines perform almost the entiré 
ing operation automatically—printing, figuring, bal 
ing, checking and sorting bills mechanicall with a 
cision and accuracy that is little short of uncanny ut 
their operation revolves around an office record 
perforated like a section of a player piano roll ly 
various machines in which these key-punched 
used, such fine adjustment is necessary that a wet 
would often Train havoc with the « irds lhe ma 
is designed to pull cards off a pile one ’ 
push them through a very narrow space 
atmosphere, the cards would tend to buckle—therel 
clogging the machine and necessitating 
the spoiled cards were removed \ 
successfully remedied this difficult 

Im the testing laboratories of the mete ‘ rtment 
clean conditioned air means less dust on 
impair their accuracy \ir conditioning per 
ting off outside noises and distractions 
work of the standards sectio1 Variations 
peratures are minimized, reducing changes 
rent delivered by standard cells 

(Of special interest in view of the air cor 
research study on the accumulation 
SCT VICE building (aretul tests sl \\ ha ( 
dust accumulation is appro at nN 
the company's general oftice building 1] 
seTVICce building 1s heht colored ind not i I ar 
as the dark dust present in the general offic 
so that cleaner working condit Ss] 
building, which is dusted once a weel 
eral othces, which are dusted eve night 

The service building furnishes a good exanmy 
dvantages and benefits to be derived from ait ! 
tioning And it serves to ilustrate sig ca 
W hat has been one here can be ‘ i ‘ 
small store, al OTTice a la tory | { clitte TC] { 
chiefly difference s in the size of equipment al | det 
the net result is the same It is iwhly probable 
some day year around comfort will not be the ex 
but the rule 
Psychrometrie Chart— 
corresponds to the « ilpy 0 ce , { | 
latter two lines will be discusse ( ( 
However, it is interesting to note that 
corresponding to a mixture ce a vate . 
betweet lines I-45 and 1-0 the exact locat | lepet 
upon the enthalpy of the mixture of ice and water 
this in turn depends upon the proportions ct 
Water present in the mixture A\nv ratio line corre 
sponding to the enthalpy of ice having any temperatur 
between 32 deg and 40 deg must lie betwee ‘ ‘ 


1-6 and I 13 shows the complete field in wi 


7 Big 
; g 


itio lines for moisture in various states 








Kraft Cheese 
Has New 
Air Conditioned 
Headquarters 


Top left-—-The Kraft-Phenix Cheese Corporation's 
new world headquarters building, completed 
earlier this year in Chicago, represents one of the 
major building projects of the past 10 years. With 
including air conditioning 














many modern features 

it houses executive and general offices, research 
laboratories, and a factory producing several Kraft 
products for the midwest market. The central 
tower portion of the building is 10 stories high, 
and the manufacturing units five stories. Occu- 


pancy is approximately 900 people 


Center left—The ammonia compressor installation 
in the basement. Chilled water conveys refrigerat- 
ing effect to the central station type air condition- 
ing equipment on the top floor and to units for 
the factory offices, lunchrooms, etc. Thirty-four 
degree brine is circulated to the process condition- 
ing units, and 15 deg brine and direct expansion 
systems serve ice boxes and general refrigeration 
requirements, Condensing water is cooled in a 
three section cooling tower on the roof, one sec- 
tion of which has a variable speed fan. The spray 
headers are split into two 800 gpm and one 300 
gpm sections, each with separate pumps, so that 


the operation can be matched to the refrigeration 
load. When the load is light, the cooling tower | 
operates as an atmospheric tower 


Bottom left——-One of the three central station ai 
conditioning systems, each of which serves one of ‘ 


the upper office floors. Summer and winter com- 


bination thermostats and humidistats control the | 
conditions maintained the year around for each I 
air conditioned zone. During summer operation, 
the setting of the fan discharge thermostat for 
each system is automatically readjusted by a static 
pressure regulator. When the static pressure in a 
the supply duct rises due to the various branch . 
cut-off dampers gradually closing. a decrease in 
the cooling load is indicated and the setting of the 
fan discharge temperature thermostat is therefore 
automatically raised according to a predetermined 
schedule 
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Top right—View of a general office area in the 

Kraft-Phenix building. The ceiling fixtures—de- 

signed through the coéperation of air conditioning 

and illuminating engineers—combine the air grilles 

and the lighting units and are spaced about 10 ft 
apart 


Center right—-One of the combination summer- 

winter thermostats and humidistats which control 

temperature and humidity throughout the year for 
each air conditioning zone 


Bottom right—A view in one of the factory de- 
partments of the Kraft-Phenix building showing 
some of the suspended type air conditioning units 
which serve these areas, the excellent lighting, and 
the efficient arrangement of the plant’s equipment. 
Some of the conditioning units recirculate all the 
air they handle, and others have outside air con- 
nections, depending upon the ventilation require- 
ments .... Wrought iron pipe is used for chilled 
water lines, brine lines, steam returns, and con- 
cealed hot and cold water lines in this building 
and stainless and seamless steel tubing for con- 
veying mayonnaise and salad dressing. Unit 
heaters are used in manufacturing spaces and 
convectors care for wall heat losses. Two 300 hp 
oil fired boilers operating at 125 lb pressure fur- 
nish the steam requirements ... . The architects 
and engineers were Mundie, Jensen, Bourke & 
Havens, the heating contractor was Robert Gordon, 


Inc.. and the ventilating contractor the Haines Co. 


A description in pictures of 
the new world headquarters 
building of the Kraft-Phenix 
Cheese Corp., which houses 
executive and general offices, 
research laboratories, and 
a factory producing sever- 


al products for the midwest 
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Corrosion in Steam Heating Systems ; 
Dissolved Gases—The Basic Causes for Corrosion 


By Leo F. Collins* with Everette L. Henderson? 


HERE are substantial reasons for believing 
that pure water alone will cause little corro- 
sion of iron. It follows, therefore, that when 
corrosion occurs in a heating system it is due to 
reactions between substances dissolved in the con 
densate and the metal of the confining surfaces. 
Oxygen and carbon dioxide are the only corrosion 
producing solutes normally found in condensates, as 
will be shown later. It 1s accepted that each must 
he in solution before it becomes. aggressive. Thus, 
the basic factors involved in heating system cor 
rosion are oxygen, carbon dioxide, and water. Modi- 
fying factors, such as metal heterogeneity, time-rate 
of condensation, time of contact, temperature, stray 
electric currents, galvanic action, and others are also 
influential, but only so because they supplement the 
basic factors involved. 
There are two possible sources of deleterious gases 
entrainment with the steam or infiltration into 
heating systems. Most pipe failures occur in con- 
densate lines immediately adjacent to condensing 
equipment—especially those operating continuously 
at pressures above atmospheric and at high conden 
sation rates. At such locations infiltration of air 
is improbable, yet to some it has always seemed 
unlikely that the small amounts of gas ordinarily en- 
trained by steams are sufficient to cause as rapid 
corrosion as is frequently manifested. To throw 
some light on this important point a special appa- 
ratus was developed to measure the corrosiveness of 
condensates containing only entrained gases. 


Measurement of Influence of Entrained Gases Alone 


The apparatus is assembled as shown in Fig. 4. 
The whole system, from the point where steam is 
obtained up to the trap, is made of brass to minimize 
the possibility of deactivating the condensate by 
contact with ferrous surfaces before the test specimens 
are reached. A positive pressure of about 5 lb ga 
is continuously maintained; this prevents infiltra- 
tion of air.and also keeps the gas ladened condensate 
at a temperature higher than in most heating sys- 
tems. When all the entrained gases are dissolved, 
therefore, the dissolution of the test specimens is an 
index of the maximum potential corrosiveness of the 
steam under test. 

Thus far four different steams have been tested. 
Some difficulties have been experienced in getting 
all the entrained gases dissolved in the hot condensates. 
This is unimportant because the amount of gas dis 
solved in the condensate, rather than that present 


*Chemist, The Detroit Edison ¢ 


’rofessor of Chemistry, University of Detroit 
Part 2 Part 1 was published in Heatine, Pipinc ann Atr Conprtrion 


September, 1939, pp. 589-542 
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in the steam, has been used in correlating the da 
shown in Fig. 5. The curves thus may be regard 
as reflecting the potential corrosiveness of any stea 
containing the amount of gas indicated. 

The steams from plants 4 and B contain only C 
that from plant D oxygen alone, while that fr 
plant C contains both gases. This is an important re! 
tionship to be kept in mind when studying Fig. 5 

The data show quite clearly that when oxyg 
is the controlling factor, as for curve A, corrosi 
reaches a maximum and thereafter remains qu 
constant regardless of the amount of solution flo 
ing. This seems to be generally true of oxygen 
tack as has been demonstrated elsewhere on sever 
occasions. Conceivably it is due to the protectiy 
ness of the corrosion products formed, and it su 
gests that oxygen attack is largely a function 
gas concentration. 

When CQ, is the controlling factor, as for all t 
other curves, it is indicated that corrosion is a fu 
tion of both the carbonic acid concentration and 1 
amount of solution passing. It is clear that CO 
concentrations above 2 ppm can cause serious cort 
sion if adequate quantities of condensate are flowing 

A comparison of the data for plant C with th 
for plants 4A and BP indicates that small amounts 
oxygen (which were present in the case of plant | 
at least exert no measurable influence upon 
reactivity between carbonic acid and iron. 

A study of curves B, C, D, E, and F will rea 
show that the amount of iron dissolved is not stoic! 
metrically** equivalent to the amount of carbonic 
which passed over the test specimens, Nevertheless 
indicated that CO, is more active than has been con 
ered true heretofore and certainly a much more iny 


**Complete reaction of all the COs, according to the equation | 
2H,CO Fe( HCOs) + H did not take place 





This comprehensive treatment of the subject of 
corrosion in steam heating systems is based upon 
about 15 years of research work for The Detroit 
Edison Co. and is believed to be the most 
authoritative treatise on the subject that has 
ever been prepared. . . . Engineers concerned 
with operation and maintenance of building 
heating systems, district heating engineers, and 
industrial piping engineers, will find the infor- 
mation as useful as will designers and installers 
of heating plants. . . . Because of its length it 
is necessary to publish this treatise in serial! 
form. Accordingly, the reader is cautioned not 
to pass final judgment on any statement or data ; 
until the publication of the series is completed 
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acids, however, carbonic TOTAL CARBONATE AS PARTS PER MILLION OF CO, 


acid is weakly ionized. Its 
pH value begins to rise at of 
a more rapid rate than oc 
curs with the strong acids. It will, therefore, not cause 
the same amount of dissolution as will an equivalent 
But, if freshly 

5.9 continu 


weight of the mineral acids mentioned. 


formed condensate of a pH value below 


ously makes contact with a given location, acid corro 
sion necessarily must result. 


? 


Curve 4, Fig. 6, shows if more than about 2 ppm 


of CO, are dissolved in a freshly formed condensate 
a pH value lower than 5.9 will eventuate. Obviously 
then, the first metal surfaces with which such condensates 
make contact will experience acid attack. The initial 
rate of corrosion will depend upon the CO, concentra 
7 


W. G. Whitmar l, 
ng e yg Chenrsty Vol 16, No 


|. Altieri, Jndustrial an 
Tul 1994 


Fig. 6 


condensates 


Curves showing the CO.-pH relationships 


“buffered” to different degrees 

tion of the condensate and the quantity of condensa 
that contacts the pipe walls. Since only a small amou 
of dissolved iron will raise the pH value considerab! 
it follows that acid corrosion will occur only reasonal 
close to the location where condensate forms. Beyor 
this point, however, corrosion may occur if dissolv 
oxygen is also present. Thus, when a steam containi 
CO, is used it is indicated that condensing equipme: 
and the return lines immediately following will be 
tacked which 


acid corre SI mn. 


unless constructed of a material resists 


In the latter case, acid corrosion will 
eccur after the passive metal has been traversed 


| To be conti ued | 





Selection 


of Heating Design Temperatures 


Is Analyzed in Carnegie Institute Bulletin 


\n analysis of winter temperatures for 120 cities 
which provides a basis for the selection of heating de- 
sign temperatures has been published as Engineering 
Bulletin No. 82 by Carnegie Institute of Technology, 
Pittsburgh, Pa., and may be obtained from the Institute 
for 50 cents. It was prepared by Clark M. Humphreys, 
Assistant Mechanical Engineering, Theo 
dore Ahrens Professorship, who was assisted by work 
ers furnished by the Works Progress Administration. 


The booklet discusses the importance of design tem 


] ri fesse rr ¢ if 


perature, modifying conditions, effect of wind, present 
methods of determining outside design temperatures, the 
scope of the study and its results. Tables are presented 
which include data on the length of the heating season 
for the various cities, the number of times during the 
period of study that various daily mean temperatures 
were recorded, daily minimum temperatures, frequency 
and recurrence of daily minimum temperatures, average 
number of times per year that daily minimum and daily 
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mean temperatures have been as low as or lower t 


various specified temperatures, averages of monthly m« 
temperatures for December, January and February, et 
Following are the conclusions of the study as givet 
this bulletin: 

1) The daily mean temperature is a better indication ot | 
ing load than the daily minimum temperature. It is there! 
I the determination of 


a more logical basis for design temp 


ture. 
2) The design temperature should be the 


rather 


based upon 


low temperatures, 


temperature 


able frequency of recurrence of 


upon the lowest daily mean or daily minimum 
record. 


which sl 


3) There is no one frequency of recurrence 
he used for the 
depend upon the type of building or the purpose for which 

to be used, upon the severity of the weather in the district 


which the building will be built, and upon local weather pe 


selection of all design temperatures. It 


arities. 
$4) Any 
from weather data for another city should be made with caut 


attempt to predict weather conditions in one 
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How to Weld Heavy Wall Pipe 


With the Single Flame, Multi-Layer Technique 


By M. R. Seott 


OR welding mdustrial piping in the heavier wall for most sat ctor 
thicknesses, a new techmque has been developed the feather edge melt \ 
which has a number of advantages; it 1s known as effect, destroving the c 
e single flame, multi-layer technique edge ir 
Depositing the weld metal in layers has two advan moving the pipe 
ves over single layer welding: (1) the average opera a? 
is less likely to find laps and inclusions in the finished Spacing 
elds: (2) the ductility of the first laver is imcreased 
the normalizing or grain refining action produced as ne 
ilditional layers are laid down Phe simplicity of the 
ele flame and backhand techniques are further reasons 
hy the process requires no special operator training 
e backhand technique makes it easy for the operator These pictures show, from top to bottom, the positions of 
control the molten weld metal at all times, regardless red and blowpipe for flat, vertical and overhead welding 
piping position, size, O1 wall thickness In addition, 


ach layer can be laid to such a contour that no chipping 


s necessary prior to laying subsequent layers 


Multi-layer welds which will more than meet cod 
requirements can readily be made by the average opera 
tor using the single flame, backhand technique 

Specifications for welded piping have been set up | 

number of organizations. These standards. or specifi 
cations, are such that both the operator and the process 

ust qualify, and, while there are variations between 
he different codes, still they are essentiaily the san 

For the qualification of the process, 1t 1s necessary 
+ #¢) 


hat the joint be made in the positions which will be 


encountered in actual construction, and welding must be 


me in accordance with the particular specifications 
Results of numerous tests show that multi-laver welds 
ide with tl 


e single flame, backhand technique, have 


ysical properties equal to or better than those required 


‘ 


———. code ~ 
Joint Design 


Multi-layer welding is recommended for pipe wall 
thicknesses of 34 in. and over \s shown by the accom 
panying sketch, a 60 deg included angle, with shoulders 
f approximately ,'; in., is recommended for all sizes 

pipe 

The angle of bevel is important because it has a defi 

effect upon the ease, quality, and cost of welding 


} 


rmerly, joints with included angles as large as 90 deg 
re used. Since the introduction of the backhand tech 
ue, the trend has been toward a narrower vee and 
nsequent greater ease of welding. In fact, in the heavie: 
| thicknesses (5¢ in. and 34 in.) skilled operators can 


btain excellent results with a 50 deg included angle 
However, average operators will find the 60 deg angle 


lerable for the general run of work 
Che shoulder. or straight section of the joint, is also 


tant, and should be 3% in. plus or minus fy in 





e Engineer. The Linde Air Products ( 
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Steps in the multi-layer welding of 8 in. pipe with %, 
welded, first layer deposited, second layer deposited, and completed weld showing the third layer 


average spacing of 4s during the welding operation. 
\ spacing of more than 1 
increased rod consumption and, under certain circum 
stances, welding will be more difficult. If the spacing 

Tab le 1 


Pipe Diameter, eee tto6 


Spacing for Line Joints Before 


Tack Welding 
8to12 14 and over 
Spacing, iff. ..<<. coe Q 
is less than ;') in., it will be more difficult to secure 
fusion to the bottom of the vee. Table 1 can be used 
as a guide for spacing line joints before tack welding. 


Welding Rod 


High test steel welding rod is recommended for the 
This rod 
well adapted to position welding since it 
permits a relatively large puddle to be carried in all 
positions without the danger of the molten metal flowing 
out of control. 


multi-layer welding of heavy wa]l piping. 


particularly 


The size of the rod to use will depend somewhat on 
the skill of the operator. As a general rule, 
able to use the largest diameter rod which can be readily 
handled. This prevents overheating the puddle and 
allows better control in using the rod as a means of con 
trolling puddle temperature. 


is advis 
However, with the larger 


\ 60 deg included angle should be used for 
fnulti-layer welds in heavy wall piping 





7, 
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n. during welding will cause 


wall thickness. Left to right: tack 


rods, there is always the danger of an imexperien 
operator depositing metal in the semi-plastic conditi 
\ ,; in. diameter rod is a good average size for 

multi-layer position welding of wall thicknesses from 


in. to 34 In. 
Flame Adjustment 
\ neutral or very slight excess acetylene flame sli 


\lthough a neut 


acetvlene will 


be used for multi-layer pipe welding. 
flame is preferred, a slight excess of 
found to increase the ease of welding without a noticeal 
loss in the ductility of the welds. 

For most work, soft, low velocity, bulbous flames 
large tips are recommended for position welding. 1 
tip size is dependent on the wall thickness and rod s 
and should be determined after the other variables 


In general, a No. 10 or No. 11 tip ts 1 


been fixed 


satisfactory for a 3 In. wall thickness, while a No 
tip should be used for a 34 in. wall thickness. No 
or 12 tips should be used for intermediate SIZES 
Tack Welds 
Tack welds should serve two purposes { ] to matt 


the desired distances between abutting edges: and 
to permit longitudinal alignment of the pipe. Tack we 


to serve these purposes usually require very 
strength, and on this basis most of them, as comm 
larger than required. They are too cd 
\ll that is required 


is three equally spaced tack wi 


made, are fat 
too long, and too numerous 
8 in. Pipe for instance, 
i in. in length and, in depth, one-half the wall 
of the pipe. 
to the base metal 


The edges should be concave and 
fused 


Principles of Puddle Control 


As pipe welding in general and position welding | 
particular involve welding in all positions—fiat, vertical 
overhead, and horizontal-vertical (peripheral welds 
vertical pipe)—a thorough knowledge of the fact 
which permit control of the weld metal in these posit 
will aid in a better understanding of the multi-! 
technique. 

The most important force at work on the molten n 
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is gravity, and its effect must be restrained by one o1 
more ot tour means: 
molten puddle, (2) damming the 
(3) damming the puddle with cooled weld metal and 


base metal, and (4) regulating the temperature and size 


of the puddle in such a way that its cohesiveness or su 
face tension will maintain it under control 


Overhead Welding 


Very little difficulty will be encountered by the opera 
tor in flat welding since this ts by far the simplest weld 
ing position. However, a few pointers will prove help 
ful in producing maximum quality welds in the thre 
other positions 

When welding directly overhead, it is possible to main 
tain a surprisingly large puddle of molten metal if just 
one precaution is observed. Everyone knows that water 
or oil sprayed lightly on the underside of a flat surface 
will fall only after 
Likewise, if the welding puddle is kept from forming 


into a drop, cohesion or surface tension prevents its fall 


a complete drop has taken shap 


Overhead welding is not difficult if the pool of metal is 
kept small and not too fluid. 


Vertical Welding 
When welding vertically, as when bringing the puddk 
down the side of a pipe joint, the influence of surfac 
tension in maintaining the puddle decreases. This is be 
cause the same amount of liquid that could be suspended 
will collect and run 


on the underside of a flat surface 


on a vertical surface. Consequently, the flame dam (that 


In multi-layer welding. both rod ¢ 


(1) manipulating the rod in the 
puddle with the flame, 





e burnin 


is, the pressure exerted by tl y vast l 
relied upon to a considerable extent in 1 intamin 
puddle of fair size \ ertical welding is the most difficul 


of all the positions since the danger of laps 


fusion to the sides of the vee is alwavs present 
effects can be minimized by « 
metal throug! this position 


Horizontal-Vertical Welding 


llorizontal-vertical welding ( where the pipe 
and the mnt, horizontal ) 1s prol ibly SEC 
welding in the amount of skill require 


factory weld 


In making the weld, and still using 


nique, Of course, the flame should be 
the rod and should be directed main] ! ‘ 
of the vee Weld Ctal shot 
lower side of the vee somewhat in advan 
side thereby providing a shelf or ledg: 
pu Idle vlhoch Is ] wed 11 d l 
weld The upper edge of the vee 
ind a pri od rate {i speed can be ntain > 1 
flame be pointed directly into the weld puddle, th 
dency would be for the metal t He l 
at the bottom of the vee and then fall 
the pip 
Multi-Layer Technique 
The photographs and sketche we O26 
the correct laver thicknesses an 
layer welding of various pipe wall 


1 flame should be moved in a ciren- 


lar direction with the flame i de the are of the larger radius 
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are desirable from both metallurgical 





and economic standpoints. The con 
cave contour will also be found ad 





vantageous from the operator’s point oi 





¥% in. wall—2 layers. ist pass, %4t. 2nd pass completes weld saaite because the flame spreads evenly 

over the surface, bringing it uniformly 
to the fusion temperature. On tl 
other hand, considerable skill and effo: 
are required to fuse the surface even! 
if an undesirable convex surface meet 





the beveled face. 





Two practices should be avoided 


% in. wall—2 layers. 1st pass, 4¢. 2nd pass completes weld order to prevent the formation o 


convex head. These are (1) carryin, 
an excessively large puddle of molte: 
weld metal which cannot be fused 
properly, and (2) inadequate prelx 
in the base metal. These two cond 


tions can be overcome by directn 





more of the welding flame on the bas 








fies ; metal rather than the rod, and by pm 
% in. wall—3 layers. Ist pass, %4¢ 2nd 
heating the vee a sufhcient distat 
ahead. Both rod and tlame should | 
moved in circular directions wit! 
flame following the arc of the larg 
radius 
These conditions are more easily 


tained when making the first pass b 








cause the thin, beveled edges ris¢ 











temperature much more rapidly thar 
does the large mass of metal whi 


must be heated up for laying subs 


: 


{ in. wall—4 layers. 1st pass, %4¢. 2nd pass, t. 3rd pass, 


These sketches indicate the correct layer thicknesses and contours for 
various pipe wall thicknesses. The macrographs show etched cross-sections 
of the welds. (In the captions, t represents the wall thickness of the pipe) 


avers. Hence, the first laver c: 


S| 

I 
be laid at relatively faster speeds 
subsequent layers. 


layers are recommended for 3% in. and ¥% in. walls, 


Heat Treating Weld Metal 


three layers for a 5¢ in. wall, and four layers for a 


in. wall. Using the backhand technique the first layer Reheating above the critical temperature has long be 
of a position weld should be made by starting at the top  ieteiiedlitee re 
of the joint and carrying the puddle around the pipe to oe ig eve nll, iss cine o ae appli 
the bottom, then restarting at the top and completing mn principle to weld metal produces identical results 
the opposite side. Subsequent layers should be laid cause of the added grain refinement acquired whet 
similarly until the weld is completed. steel is raised above the critical temperature and allow: 
It will be noted from the sketches that all base layers to cool slow! Additional heating and cooling ope 
have concave contours, so that only a very thin skin tions still further improve the physical characteristics 
of weld metal requires fusing when subsequent passes the metal 
are made. This is important as it provides the maxi \lthough the physical properties of multi-layer wel 
mum desirable heat treatment without the necessity for are equal or better than those required by the vari 
re-fusing a large portion of weld metal, features which Fee ee po 


Table 2—Speed and Consumption Figures for the Multi-Layer Welding ef 8 in.” Heavy Wall Piping 


Rop Size Usep lip UsSep For CONSUMPTION Rop Usep, | Wi ING T™ \ 
Pipe Size BEVE! Num IN Eacu Pass Eacu Pass Per WELD 
Type 01 INCHES INCI BER INCHES No Cu F1 Pee LAVER Pee Lavi 
WELD ANGLE or 
Dec PASSES | ae 
Diam. | WaLt l 2 3 4 1 2 3 ‘ OxyGEN (ACETYLENE l 2 ; i ! 2 ; { 
8 3/8 60 ? 3/16/3/16 10 10 19 19 0 47:0 50 9 9 i 
R s 1/2 60 2 3/16,1/4 12/11 33 33 0.711073 144 /14/)1 
8 5/8 60 ; 3/16)3/16/\1/4 12 12 12 6 6 0471100 81 x 15 1 1 
8 34 60 4 3/16)3/16'1/4 \1/4 13 13 13 13 1190 119 ' 56 0 86:0 BO'1 20 1 i¢ 4 0 
8 38 60 ? 3/163/16 | at 10 31 1 0470 12 14 0 
Po 8 1/2 ov 4 3/16 3/16 12 11 S4 54 0 560.9 153 ”) «0 
. 5 oo ; $16 3/16 3/16 12 1? 1 Re ta +5? 1 120 ¢ ¢ »? 4 w 
s 3/4 60 4 3/16. 3/16'3/16 3/16) 13 13 13 12 164 164 0 700.75 1 32)0 &5 $ 62 6 s Th 10 
x ts 60 ? 3,16 3/16 il 10 »? »? 0 480.55 103 9 1 
Horizontal | 1 60 ? 3/16 3/16 12 11 +4 4 0 45 0 &6 1 31 13 18 
Vertical 5/8 60 ‘ $/16.3/16 3/16 12} 12; 11 x s 0 56/0 711.22 2.49 | 18 re 34 
8 3/4 60 4 3/163/16 1/4 1/4 13 13 12 168 168 0 490 52 1.101 345 3 46 18 »s 
Data for pipe sizes other than 8 in. can be obtained by multiplying rod and gas nsumptions and speeds by the rat f the lia 
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Properties of Mixtures of Air and Saturated Water Vapor—(Continued) 


Barometric Pressure 25 In. of Mercury 





\ll tabulated values (except temperatures and pressures) are quantities per pound of dry air in the mixture. 


ENTHALPY ABSOLUTE ENTHALI 


ABSOLUTE V , 
HUMIDITY OLUME Heat CONTENT HuMIpITy VoL_umr Heat Cont 
Temp | Dry! Votume | Hum WATER AIR TEMP Dry| VoLtume Hum WATER 
Dec | Pounps | Grains | Arr | INCREASE ID LOG 1u VAPOR VAPOR Dec | Pounps | Grartns | Arr | INCREASE ID LOG Le VAPOR \ 
PAWR Cu | or Humip | Spe Bri Mixrure | Paur Cr or Humip | Spt Brt Mi 
Fr AIR CIFIC Brt Fr Al CIFIK 
Per Cent} Heat Per Centr| Heat 
‘ u D j 5” hy h { rT u vp "t 
I 2 ; 4 > 6 7 Ss u l 2 3 1 5 6 7 s 
120 |0 09979 698 5 17.49 15 99 0.2849 105 8&8 lil 14 139 94 166 0 3939 2757 418.69 62 88 0.4173 417 95 445 21 4s 
121 1031 721.5 17.52 16 51 2864 109 36 114 8&3 143 8&7 161 4096 2867 4/18 72 65 38 4243 434 62 463 13 5 
122 1064 7449 17.55 17.05 | 2879 112.90 118 59 147.87 162 4263 2983 818 76 68.02 4318 452 26 482 10 
123 1099 769 5 17 58 17 61 2895 116 64 122.56 152.08 163 4447 4105 7.18.79 70.79 4397 470 73 S01 97 s4 
124 1135 794.8 17.61 18.19 2911 120 47 126.63 156 39 164 4621 $235 O18 &2 73.74 4480 490. 33 $23.05 5 
125 |}0. 1173 821.0 17 64 18 78 0.2928 124 44 130 87 160 8&7 165 0 4816 $370 9 18 85 76 82 0 456) 510 92 545.21 
126 1212 848.1 17.6 19 40 2945 128.55 135.24 165 48 166 $022 3515 7:18 88 80 12 4660 532 &8 568 84 
12) 1252 876.2 17.70 20 04 2963 132 81 139.77 170 25 16 $240 3667 7 18 91 R35) 4758 $55 92 $93 65 é 
128 1293 905 2 17.73 20 71 2982 137.20 144 44 175 16 168 $472 3830 5 18 04 87 26 $863 580 60 620 22 ¢ 
129 1336 935 2 17.76 21.40 3001 141 75 149 29 180 25 169 S717 4001 6 18 97 91 14 4972 606 52 648.14 6s 
130 }0.1381 966 8 17.79 22.11 0 3022 146.55 154 40 185 60 170 0. 5978 4184. 619 00 95 31 0 5090 634 27 678.03 
131 1427 999 0 17.82 22 84 3042 181.42 159 59 191 03 171 6255 4378 6:19 03 99 70 $215 663 6 709 70 
132 1474 1031.5 17.85 23.59 3063 156 34 164.84 196.52 172 6553 4586 8 19 06 104 4 5349 695 23 743.72 
133 1523 1066 2 17.88 24.38 3085 161 61 170.46 202.38 173 6872 4810 619 09 109 5 5493 729.15 80.28 s 
134 1575 1102 2 17.91 25.20 3109 167.05 176.27 208 43 174 7213 5049 119.12 114.9 5646 765 30 818.25 s 
135 |0.162 1139.0 17 94 6 05 0. 3132 172 64 182.22 214.62 175 \0.7574 §302.119.15 119 7 0 5809 803 64 860 6D } 
136 1682 1177.3 17.97 26 91 3157 178 44 188 41 221 05 176 7967 5576 819 18 126 9 SORS R45 28 905 SI 
137 1739 1217.3 18 00 27.82 3183 184 51 194 91 227.79 177 8391 5873 819.21 133.7 6176 890 30 954 0 
1348 1798 1258 5 18 O38 28 78 3709 190 76 201 58 34 70 178 R84) 6193 719 24 140 9 6381 U48 1 1006 4 104 
139 1860 1301 (7 18 06 29 74 $237 197 30 OR §) 241.93 179 9345 6541 5 19 27 148 & 0005 991 50 1063 2 11 
140 |0 1923 1346.2 18.09 30.76 0. 3265 204 04 15 7 249 37 180 0. OR93 6924 819 3 187.5 0 6852 1049 6 1125 9 i! 
141 1989 1392.0 18.12 41.81 3295 210.98 223.19 257.03 i181 1.049 7339 519 33 166 9° 7118 1112 5 1103 i 
142 2058 1440 9 18.15 32.91 $326, 218 40 231 12 265 20 182 1.114 7795 919 36 177.2 7412 1181 6 1268 4 13 
143 2129 1490 0 18.18 34.05 3358 225.84 239 O8 273.40 183 61.185 8295 7/19 39 188 6 7733| 1257.4 1350 2 13 
144 2202 1541 7 18.21 35 23 3391 233.67 247 46 282 02 184 (1.265 8852 219.42 201 2 S091 1341 1441 3 14% 
145 |0 2280 1595.7 18 24 36 46 0 3426 241 87 256.25 91 O05 185 1.353 9468 919 45 215.2 0 848 1435 1542 1 
146 2361 1652 is ? ; 74 3463 250 40 265 49 300 53 186 1.451 10160 19 48 230 8 0 8931 1539 9 16558 3 1 
147 2445 1711.2 18 30 39.0 3500 59 37 274.99 310 2 187 1.562 10935 19 51 248 4 0.9430 165 5 1782.3 18 
148 532 1772.3 18 33 40 46 3539 268 62 284 90 320.42 188 1.688 11817 19 54 268 4 0.99007 1791 2 1926 1 
149 2622 1835.4 18.36 41 91 3580 278 19 295 16 $30 92 189 |1.832 12827 19 5) 291 3 1.065 1944 ? 9? 1 ! 
1580 0.2718 1902 4 is 39 43.43 0 3623 288.35 306 04 342 O04 190 |1.999 13,990 19 60 317 1.139 2120 4 2282.3 
151 2817 1971.6 18 42 45 O01 36608 208 84 317.29 353 53 191 2.192 15,347 19 63 348 4 1.227 2326.1 S04 6 
152 2920 2043.7 18 45 16 64 3714 309 76 $29 OO 365 48 192 |2.421 16.950 19 66 384.8 1 3430 25609 1 2767 2 
153 4028 7119.5 18 48 48 37 3763 321.25 $41 32 378 O4 193 2 69) 18.878 19 69 428 4 1.454 2861 4 ORS 1 41 
154 4140 2198 3 18.51 50 16 $818 $34.20 354 14 391.10 194 + 033 21,230 19.72 481 8 1 605 321 8 3408 3 
| 
155 0. 3259 2281.4 18 54 5? OS 0 3867 345 80 367 67 404 &7 195 3.452 24.166 19.75 548 4 1.794 1662 9 $949.4 
156 3383 2367.8 18.57 54.02 3922 358 8&8 381.75 $19 19 196 (3.991 27,934 19.78 633 8 2. 036 4234 0 4566 8 4 
157 3510 2456.7 18. 60 56 06 3979 372 37 396 23 433 91 197 4.708 32.95) 19 81 747.5 ? 359 49905 3 5389 4 4 
158 $047 2553.0 18.63 58 23 4041 386 96 411.90 449 8&2 198 5 708 39.955 19 84 906 0 > S090 6056 0 6536.0 
159 3789 2652.4 18 66 60 49 $105 402 03 428 10 4166 26 199 6 800 47,597 19.87) 1079.2 $ 300 14 S55 
200 9.648 67,535 19.90) 1530.8 4 582 10.7% 11.0 
liow to Weld— wall thicknesses ranging from 3¢ in. to 44 in 
table is set up in such a manner that data for pipe sizes 


| ¢ oncluded from page 626] 
obtained by multiplyn 


the 


other than 8 in. can readily be 
codes, the ductility of the welds can be improved still speeds, rod or gas consumption by ratio of pl 
further by (1) blowpipe normalizing, (2) stress reliev 
(3) a combination of both, the relative effective 
the listed. For blowpipe 
normalizing, welds should be reheated, using a large 
tip, to approximately 1750 F, or just above the critical. 
This is in the salmon or erange color range, as viewed 


cliameters. 

It should be emphasized that 
in this table were obtained by 
had average ability in all types of welding, but had 1 
specialized in any one method such as heavy wall piy. 
In other words, the figures are representatiy 


Ing, OF the results as set fort 
increasing im order average operators w! 


ness 


welding. 


in the dark, or just above a bright red temperature. 
Stress relieving should be done in a furnace at a tem- 
perature of approximately 1200 F, or dark cherry red 
as viewed in the dark. The metal should be held at this 
temperature for 1 hr for each inch of wall thickness, 
then allowed to cool in air to room temperature. 

The applicability of these treatments to welded piping 
installations should be considered wherever the ultimate 
in the physical properties of welded joints is desired. As 
an example of the benefits derived, the blowpipe nor- 
malizing treatment followed by the stress relieving treat 
ment will increase the ductility of 34 in. weld test 
specimens sufficiently to allow 180 deg free bends. 

In Table 2 are tabulated welding speeds and rod and 
gas consumption figures for multi-layer welds in 8 in. 
diameter pipe. The figures presented are for position 
welds, horizontal-vertical welds, and rolling welds in 


628 


of what can be expected in the field with operators wm 
trained in the multi-layer welding technique. Skill 
operators can obtain faster speeds than those shown 


the table. 





At the new nursery school being erected on the est 
of Mrs. Dwight W. Morrow, Englewood, N. J., 
floors are to be heated by unit heaters suspended und 
them so that the children may play on the floor with 
Each room is to have in 
the wa 


danger of catching cold. 
vidual air conditioners built into recesses in 
to avoid possibility of contaminated air being circulat 
from room to room. 

The system is to be completely automatic, with a t 
clock arrangement to turn it on and off. 
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BULLETIN BOARD 


Welcome to Fall Meeting in Atlanta October 30-31 


CHAPTERS 
The fall program of Local Chapter meetings starts actively in October, and 28 Chapters are 
issuing announcements about their meeting plans for the 1999-40 season 


ATTENTION 
Membership address forms are being sent to all members with a request that necessary corrections 
be furnished by October 31, so that the Roll of Membership to be published in Tue Gume 1940 
will be up-to-date. 
eee 


REMINDER 


It is wise to pay dues within the calendar year to avoid becoming in arrears because Sections 
Article B-IV, of the By-Laws, says, “All dues shali be payable in January of each year in advanc 
ee and Section 2, Article B-II, says, “Any member whose dues shall remain unpaid for one (1 
year shall at the discretion of the Council forfeit the privileges of membership ... .”. Already dues 
have been paid by 79 per cent of the membership. Payment in full or in installments convenient 
to the members is equally acceptable. 








Come to Cleveland for the 46th Annual Meeting, January 22-26, 
1940, and the 6th International Heating and Ventilating Exposition 
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ATLANTA: Orgamszed, 1937. Headquarters, Atlanta, Ga. 
Meets, First Tuesday. President, C. L. Tempiin, 348 Peachtree 
St. N. E. Secretary, T. T. Tucker, 260 Peachtree St., N. W. 


CINCINNATI: Organized, 1932. Headquarters, Cincinnati, 
QO. Meets, Second Tuesday in Month. President, H. E. Sprout, 
1005 American Bldg. Secretary, W. H. JUNKER, 6068 Dryden 
Ave. 


GOLDEN GATE: Organized, 1937. Headquarters, San Fran- 
cisco, Calif. Meets, First Tuesday. President, G. M. Simonson, 
74 New Montgomery St. Secretary, J. A. Hutt, 245 Market St 


ILLINOIS: Organised, 1906. Headquarters, Chicago, Ill. 
Veets, Second Monday. President, Tom Brown, 1805-27 N 
Kostner Ave. Secretary, M. W. Bisnop, 228 N. La Salle St. 


IOWA-NEBRASKA: Organised, 1937. Headquarters, 
Omaha, Neb. Meets, Second Tuesday in Month. President, 
W. R. Wuirte, 4339 Larimore Ave. Secretary, Henry KL tern- 
KAUF, 1726 St. Mary’s Ave. 


KANSAS CITY: Organized, 1917. Headquarters, Kansas 
City, Mo. Meets, Second Monday in Month. President, A. D. 
Marston, 1330 Baltimore. Secretary, C. A. FLArsHeim, P. O. 


Be x 56, 


MANITOBA: Organized, 1935. Headquarters, Winnipeg, 
Man. Meets, Fourth Thursday. President, G. C. Davis, 307 
Power Bldg. Secretary, Ivan McDona.p, 501 Ryan Bldg. 


MASSACHUSETTS: Organized, 1912. Headquarters, Bos- 
ton, Mass. Meets, Third Tuesday in Month. President, H. C. 
Moore, Massachusetts Institute of Technology, Cambridge, Mass. 
Secretary, C. M. F. Peterson, Massachusetts Institute of Tech- 


nology, Cambridge, Mass. 


MICHIGAN: Organized, 1916. Headquarters, Detroit, Mich. 
Meets, First Monday after thé 10th of the Month. President, 
W. C. RANDALL, 2250 E. Grand Blvd. Secretary, W. H. Op, 
1761 Forest Ave., W. 


WESTERN MICHIGAN: Organized, 1931, Headquarters, 
Grand Rapids, Mich. Meets, Second Monday in Month. Presi- 
dent, B. F. McLoutn, 135 Gunson St., E. Lansing, Mich. Sec- 
retary, C. H. Pestrerriecp, Mich. State College, E. Lansing, Mich 


MINNESOTA: Organized, 1918. Headquarters, Minneapolis, 
Minn. Meets, Second Monday in Month. President, F. C. 
WInTERER, 300 Broadway, St. Paul, Minn. Secretary, H. M. 
Betrs, 213 City Hall, Minneapolis, Minn. 


MONTREAL: Organized, 1936. Headquarters, Montreal, 
Que. Meets, Third Monday. President, L. H. Larrotey, CPR 
Windsor Station, Rm. 401. Secretary, C. W. JoHNSON, 630 
Dorchester St., W. 


NEW YORK: Organized, 1911. Headquarters, New York, 
N. Y. Meets, Third Monday in month. President, O. O. Oaks, 
119 Oakridge Ave., Summit, N. J. Secretary, T. W. Reynotps, 
100 Pinecrest Dr., Hastings-on-Hudson, N. Y. 
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WESTERN NEW YORK: Organised, 1919. Headquurt. 
Buffalo, N. Y. Meets, Second Monday in Month. Presid 
L. P. Saunpers, 507 Pine St., Lockport, N. Y. Secret 
H. C. Scuarer, 45 Church St., Buffalo, N. \ 











NORTH CAROLINA Organised, 1939. Headquart 
Durham, N. C. President, R. B. Rice, University of N 
Carolina, Raleigh, N. C. Secretary, T. C. Cooke, 400 E. P 
bedy St., Durham, N. C. 


NORTHERN OHIO: Organized, 1916. Headquarters, Cle 
land, O. Meets, Second Monday. President, H. C. Werzet., 6 
Carnegie Ave. Secretary, C. M. H. Kaercuer, 3030 Euelid 


OKLAHOMA: Organized, 1935. Headquarters, Oklahoma 
City, Okla. Meets, Second Monday. President, A. A. Hor 
213 W. First St. Secretary, S. L. Rottanp, 321 N. Harvey A 


ONTARIO: Organized, 1922. Headquarters, Toronto, ( 
Meets, First Monday in Month. President, H. D. Henton, 1 
Davenport Rd. Secretary, H. R. Rors, 57 Bloor St., W 


OREGON Organised, 1939. Headquarters, Portland, ( 
Veets, First Friday. President, }. D. Kroeker, 926 Failing | 
Secretary, C. E, HEINKEL, 2221 Northeast Broadway 


PACIFIC NORTHWEST: Organized, 1928. Headquarters 
Seattle, Wash. Meets, Second Tuesday in Month. President 
R. O. Wes.ey, 334 Boren Ave., N. Secretary, H. T. Grirrire 
324-1411 4th Ave. Bldg. 


PHILADELPHIA: Organized, 1916. Headquarters, Phila 
delphia, Pa. Meets, Second Thursday in Month. President 
R. F. Huncer, 220 South 16th St. Secretary, Epwin Eu 
560 North 16th St. 


PITTSBURGH: Organized, 1919. Headquarters, Pittsburg! 
Pa. Meets, Second Monday in Month. President, R. A. MIcten 
2200 Grant Bldg. Secretary, T. F. Rockwet, Carnegie Inst. Tec! 


ST. LOUIS: Organised, 1918. Headquarters, St. Louis, M 
Meets. First Tuesday in Month. President, R. J. TENKoNo! 
3650 Shaw Blvd. Secretary, C. F. Borester, 101 E. Essex, Kir 
wood. 


SOUTHERN CALIFORNIA: Organized, 1930. Headquarters 
Los Angeles, Calif. Meets, Second Tuesday in Month. Presid 
J. F. Park, 1234 S. Grand. Secretary, E. P. Weis, 275( 


Eleventh St 


NORTH TEXAS: Organised, 1938. Headquarters, Dalias 


Tex. Meets, Second Monday in Month. President, C. L. ki 
Jr., 4209 Shenandoah Ave. Secretary, L. S. Gi_pert, 1314 
erty Bank Bldg. 


SOUTH TEXAS: Organized 1938. Headquarters, Houst 
Texas. President, C. A. McKinney, 1018 Rusk Bldg. 54 
tary, D. S. Cooper, 2615 Fannin St. 


WASHINGTON, D. C.: Organised, 1935. Headquarters 
Washington, D.C. Meets, Second Wednesday in Month. / 
dent, T. H. UrpAHL, 726 Jackson Pl., N. W. .Secretary, P. # 
LouGHRAN, Jr., 4513—49th St. 


WISCONSIN: Organized, 1922. Headquarters, Milwaukee 
Wis. Meets, Third Monday in Month. President, H 
FRENTZEL, 4363 N. Wildwood Ave. Secretary, W. A. O 
NEEL, 801 Marshall Ave., South Milwaukee, Wis. 
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A Standard Air Filter Test Dust 


By Frank B. Rowley* and Richard C. Jordan*’ 


(MEMBERS). Minneapolis, Minn 


This paper is the result of research sponsored by the AMERICAN Society oF HEATING 
AND VENTILATING ENGINEERS and the Graduate School of the University 
in cooperation with the Engineering 


Experiment Station. University of 


HIS paper presents the results of research whicl 


supplement the work described previously 


pers! * delivered betore the Society Phe 


s part of the program was to study the requirements 


a standard test dust for filters to be tested ona weig! ? 


isis, and to investigate the properties of different d 


relation to those requirements. The test 
procedure were described in the previous 


e apparatus, with the exception of the dust 


levice, was the same as that described in the AMER 


SocieTy OF HEATING AND VENTILATING | 
Standard Code for Testing and Rating Ai 
levices Used in General Ventilation Work, T] 
raph, Fig. 1, shows a general view of the t 
ment as set up and used throughout the tests 


The four filters selected in the previous test 


as typical of those in practice were used throug 
these tests. These filters have been designate 


letters A, B-2, C, and DP and were described 


in the first paper Briefly they may be descr 
llows 
1-A permanent type of cleanable oil filter, 4 
lavers ot expanded metal and wire screen graded 


it entrance to fine mesh at leaving side 


\ viscous coated throw-away type of filter, 


fibrous media were graded in fiber size, density, 
om entering to leaving side This filter is designat 


eport as B-2 because slight changes had been made in 


fiber diameter from those filters used in the pr 


worts These changes, however, did not appear t 
ike any appre table difterence nl the test results 
\ cellular type filter, 2 in. thick The filter 

vas built in two sections, each with the axis of cell 


set at 45 deg to the center line of duct and at 90 
deg to each other The cells on the entering sid 
vere of larger dimension than those on the leaving 
side of the filter 
\ filter of cotton media of coarse material on 
entering side and glazed on the leaving side The 
media were accordian plaited in trame to give 


rea ot approximately 12 times the cross-sectional 


ot air stream 


Eng g | ' St lr ; 
> ta 
structor Engineering | eriment Station, l 
M nesota 
Filter Performance as Affected by Kind of Dust, 
Dust Feed and Air Velocity Through Filter, by 
B. Rowley and Richard ¢ lordar ASHVE Trans 
vs, Voi. 44, 1938 
Filter Performance as Affected | Low Rate of Dust 
Various Types of Carbon, and Dust Particle Size and 
’ ty, by Frank B. Rowley and Richard ( Jordar 
SHVE Journat Secrion, Heating, Piping and Air ¢ 
June, 1939 
resentation at the Fall Meeting of the AMERICAN So 
Heatin anp VEN ATIN Enoineers, Atlanta 


October, 1939 
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Assembled view of test apparatus 
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Table 1—Materials Investigated for Artificial Test Dusts 


Type or Dust REASONS FOR DISCARDING FROM CONSIDERATION 


Fuller's Earth 


Absorptive when used in large percentages 
Air Floated Silica (325-mesh High density—physiological hazard 
Borax Tendency to agglomerate and tall t $ 
| duct 


Rosin Dust loo sticky 
Chalk Dust High densit 
Alum High density 
(round English Walnut Shells 


(parting dust Apparently too absorpti bilter arres i 

ped off rapidly in test 

rio Plugged feeder Tenden ! 1 fal 
to bottom of test duct 

lale and soapstone parting dust High density 

Lycopodium Average particle size t larg 

A10 High density 

Pumice High densit 

Wood As} Too difficult » obtain 


effect on the performance of two different types of filters. 
Furthermore, during the early part of the filter research 
program it was discovered that rather wide variations 
might be encountered in the results for tests performed 


on identical filters using dust mixtures of the same 
specifications. Apparently some of these variations were 
caused by slight differences in the construction of the 


hlters, but the major variations appeared to be caused 
by some differences in the mponents of the dust mix 
tures. In order to eliminate the effects of variations in 
the dust constituents throughout any series of tests, it 
was found necessary to obtain a sufficient amount of each 
type of dust at the beginning of the series to last through 
out all of the tests involved. From this it was evident 
that the specifications for the synthetic test dust should 
be determined more rigidly in order to aid duplication, 


and that possibly the ratios of the constituents should 
be changed in order to simulate more nearly the actual 
dust in the air. 

The previous investigations showed that in so far as 
filter performance was concerned there were two general 
classes of dusts: first, the light floceulent dusts repre 
sented by lampblack and carbon black; and second, th 
more granular dusts represented by the coal ashes. 
Studies of dust samples taken from the air show reason- 
able counterparts of these two synthetic constituents 

Before making an extended investigation of various 


types of carbon and coal ash 


many other types of dusts 
which have been suggested and used to some extent for 
air filter tests were considered. Some of the dusts in 
reasons for not accepting 


While all 


of the dusts listed in this table were unsatisfactory for 


vestigated, together with the 
them as satisfactory are shown in Table 1. 


the reasons given, it is possible that further investiga- 
tion may produce a material which will have all of the 
requirements and be more satisfactory than any combi 
nation of carbon and ash. However, as no such mate- 
rial was apparent, an extended investigation was made 
into the properties of carbon and ash dusts. 


Ash 


There is a wide variation possible in the chemical and 
physical properties of coal ash, even though the coal has 
the same commercial designation. These differences 
may be inherent in the original coal or may be due to 
some element in the combustion process by which the 
ash is formed. In order to investigate the effect of some 
of these variations on filter performance, samples were 
selected of coal from five different West Virginia Poca 
hontas fields and five different Illinois coal fields. All 
of these coals were burned at uniform rates of combus 
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Table 2—Source of Sample and Density of Test Ashes 
(Coal burned at uniform rate) 


Dust Density 


District; COAL IN GRAMS/C« Sourct 
SAMPLE (Jo_rep 
\ 0.737 Sewell Seam, Fayette County, W 
B | 0.761 Dorothy Seam, Crown City, W. \ 
West | Cc 0.790 | No. 3 Seam, McDowell County, W 
Virginia b 0 818 | No. 3 Seam, McDowell County, W 
I 1.028 | Beckley Seam, Raleigh County, W 
I 0.661 Herrin No. 6 Seam, Perry County, I 
G 0.66? Herrin No. 6 Seam, Franklin Count 
(llinois H 0.722 | Harrisburg No. 5 Seam, Saline ‘ 
I 0.740 | Belleville No. 6 Seam, Macoupin ¢ 
J 0.852 | Springfield No. 5 Seam, Fulton Co 


tion and one of the Pocahontas samples was also bu 
at different rates of combustion. The resulting 
were used for tests on two different types of filters 
In making these tests the jolted density of the r 
ing ash was determined by placing the dust in a « 
drical container 17¢ in. high and 234 in. in dia 
and tapping to maximum density. The source of 
sample and densities of the resulting ash when bu 
at a uniform, moderate rate are shown in Table 2 
the densities of the ash for slow burning as com 
with fast burning are shown for Sample C in Tab 
The moderate rate of combustion was estimated as 
corresponding to the average hand-fired domestic 
nace rather than the average stoker-fired furnace 


The various test dusts as shown in Tables 
were used for testing both Filters B-2 and C. In 
tests the face air velocity was maintained at 300 
and the ash was fed to the filter at the rate ot 
(grams) per hour. Each test was continued until 
pressure drop across the filter had risen to 0.15 


water. The results of these tests are shown in Tab! 
and 7, The complete graphical test results for Filter 


on the Illinois coal ashes at a moderate rate of cor 
tion are shown in Fig. 2. These curves are typi 
all of the tests. 


The test results of I 


Table 3 indicate that for 


B-2 the arrestance values are in close agreement 


different densities of each coal with the except 


the Pocahontas coal, E, which has a very hig! 
and shows a somewhat lower arrestance value tor 
filter. For Filter C the arrestance values are 
consistent on either type of ash, although the var 
are not serious. No doubt there is some differe 
the particle size for the different ash samples as 
differences in density which will affect the arrest 
values. There is a rather definite linear relatior 
between dust density and filter life for both t 
hontas and Illinois coal ashes for both filters, as 
cated in the curves of Fig. 3. 

Since different filters were used with the 
samples of ash it is likely that there would lx 
variation in the characteristics of the filters even 
In order to determ 


they were of the same make. 
: Pee 


effect of this variation, tests were made on five ¢ 
filters of each type using Pocahontas ash from the 
lot. The results for these tests as shown in Tabk 
dicate a moderate variation between the different 
of the same type. 

The figures of Table 5 give the variations 1 
formance characteristics for Filters B-2 and C t 
densities between 0.65 and 0.85 g per cubic centi 
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Table 4 —Filter Performances Variation for Filter B2 and ¢ 


with Same Lot of Pocahonta (ch 
+ > ; 
. ee a ee Sa . . 
a ae aa = 
2 
=) ted _ 
~ —t - * * | 
gs 1 o a 
fe — — 
$ — 
. i 2 
a 
° . 
Fig. 2 I flect of five different Illinois coal ashes on per- i 
formance of Filter B-2 
Mi 
i.- 
. gre o4+ ; 
' , Lot 
é th) n 
‘ —— A -_ 
> = i _* : — Ll ie + t 
+ L- - 1 i} . 
M4 pontes 
6 ° Fly Ash . 
e od , ‘ 
Fig. 3 Effect of ash dust density on filter VT 
life. Dust feed, 40 g per hour : 
s will be noted the range in arrestance values is vé 
1 ] f | , ae | , , ‘+? 
smail For Filter J » the percentage varlanon ré 
8 
e average for arrestance, life and dust holding capa 
e substantially the same when considering eithet 
Pocahontas ashes or the Illinois ashes as a grouy 
e single Pocahontas as! For Filter C the ria 
. 1 
ereater for the group than for the single as 
\n indication of the effect of ash variation alon« 
tel perfo! nance Ss given 11 | ible . The vaiules s V1 
this table were obtained from those in Table > , 
ubtracting the range in performance units tot ne 
the range in performance units for various 
{ +} , od eel ’ ; 
nd correcting the percentages accordingly ( ( 
s of this table are not al] based on the same numb 
tests. The negative values may be considered \ 
he range of experimental error 
The values in Tables 5 and 6 give an indicatio1 
magnitude of the error which is likely to be int ! 
. , 


1 by the use of various ashes. They do not in stu ( 


te true ranges of percentages as they are no 


ma sufficient number of tests for statistical ac 


Table 3—Filter Performance*® for West Virginia Pocahontas and Illinois Coal Ashes on 


Filters B-2 and ¢ 
vos =e Sa , om 
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Table 5—Filter Performance® Variation with Different Ashes materials is t1 
(Ash Density 0.65 ' 


FILTER CHARACTERISTICS 


Arrestance 


| 
| 
| 


ale 
Dust Holding Capacity 


Arrestance 
Life 
Dust Holding Capacity 


FILTER) PERFORMANCE 


Life 
Dust Holding 
Capacity 29.52 


dust feed 40 g per hour. 





RANGE FOR VARIOUS 


POCAHONTAS / 


AsH 


RANGE IN RANGE 
PERFORMANCE | — x 100 
UNITs AVG 
1.6% 1.7 
1. 6 hours 2 9 
69 Se 26.0 
4 ga 
1.1 hours 12.3 
50 62 17.1 
rise; face air velocity 


CHARACTER- | RANGE IN 


ISTIC PERFORM 
ANCE 
| UNITs 
A rrestance | 00 
B-2 Life 0.3 hours 
Dust Holding 
Capacity 16.32 
Arrestance 5.2% 
( 0.3 hours 


“Based on 0.15 in. of water 


RANGE FOR VARIOUS 
POCAHONTAS ASHES 


Table 6—Filter Performance® Variation with 
Corrected for Filter Variation 


(Ash density 0.65 to 0.85 g per cc) 


Different Ashes 


RANGE FOR VARIOUS 
ILLINnotrs ASHES 


RANGE RANGE IN 
x 100 PERFORM- 
AVG ANCE 
UNITS 
0.0 oO4 
4.3 0.1 hours 
6.1 4°22 
6.4 1.3 
$4 1.8 hours 


10 0% 80.26 


resistance rise; face air 


ve 


R 


ANGI 
x 100 = 


AVG 


Table 7—Effect of Ash Burning Rate on Performance® of Filters 
B-2 and C 


(Face air velocity 300 


FILTER AsH 


! B-2 No. 3 McDowell City 
Pocahontas (fast 
burned 

B-2 No. 3 McDowell City 
Pocahontas (slow 
burned 

( No. 3 McDowell Cit 
Pocahontas (fast 


( burned 
No. 3 McDowell City 
Pocahontas (slow 
burned 
Based on 0.15 m,. of water 
st feed 40 ¢ per hour 


rpm Dust lecd 


DENSITY ARREST 
JOLTED) IN ANCE 
> PER Ce Per CEN 
0 &OoO 464 
0 65 2? 
0 860 a5 
0. 765 g 9 
resistance Se 1 


Table 8—Comparison 


(Face air velocity 300 


Dust Dust 
| Source SAMPLE DENSITY 
\ 1 0.156 
2 0.238 
1 0.183 
2 0.213 
; 0.203 
4 0.206 
B 5 Approx. same : 
¢ Approx. same 
Approx. same ¢ 
8 Approx. same < 
( 1 0 209 
D> 1 0 265 


‘All lampblacks same brand 
supply houses 

*Based on 2 hour average 

Based on final resistance 


636 


is 


is 


4s 


LIF 


IN 
Hours 


E 


I 


dust HOLDING 
(APACITY 


of Lampblacks® on Filter B-] 


fom. Dust feed 


Ave Rests 
Rise PER Hout 


0.024 
0 066 
0 088 
0.089 
j 0.084 
0.063 
1,2 0.087 
1,2 0 O84 
1 ? 
1,2 0.098 
0.074 
0 049 
ind same manutact 
o.50 in ! Vater 


10 9 


Li 


pe 


I 


2 IN Hours 


Approx 
? 


I 
1 
1 
> 
1 
1 


rer 


cross 


3 


s 
s 
9 

; 
9 
9 


~ 


1 


45 


' 
nour ) 


Avc ARRES 
FoR 2 Hours 


28.1 


fi 5 y “c) . 2 
ome 9 rer lampblack is for 
RANGE FOR VARIOUS RANGE FOR ONE by burning of 
latsnoes Ase Pocanontas Asi and carbon blac! 
b Tr i co ¢ 7 oft 
RANGE IN RANGE RANGE IN RANGE " ning Of gas. ) 
PERFORMANCE x 100 = | PERFORMANCI -x 100 ot the samples 
NITS AVG UNITs AvG . 
each of these 
0 2.1% 1.6 9 . . 
1 2 hours 18.5 1.3 hours 18 6 terials were ot 
418 3¢@ 19.5 S3.2¢2 20.5 
- ~ 7 same brand but 
33 39 0 » 4 ° 
2.6 hours 27.1 0.8 hours $7 lected from dit 
101 3e@ 1.9 21 ig , « 
P : a, ent lots and { 
fom: dust feed 40 g per hour material manu 


tured at = diffe 
dates. 

The test results from the different samples of la 
black are shown in Table 8. In this series of tests 
face air velocity was maintained at 300 fpm with a 
feed of 40 g per hour. The same types of filters, 
were used in all tests. As it will be noted from th 
results, there was a spread in arrestance values 
28.1 to 82.4. The lowest arrestance values were 
lot A, and the 28 per cent arrestance was obtained 
one of the earlier samples selected. There was a spr 
in the arrestance values for the samples of lot B f: 
56.8 to 82.4, and a spread in the values for life of fil 
from 1.5 to 4.5 hours. The significant point in tl 
test results is the wide spread obtained in arresta 
values and the uncertainty of consistent results 
different samples of this material. It would be imp 
tical to use a material giving such a wide range of 
results as a basis for a synthetic test dust. 

In making the tests on carbon black, two diffe: 
brands of material were selected These were kn 
as Double-Bolted Carbon Dust and Super-spectra ( 
bon Black, both obtained from Binney and Smith | 
New York City. Six samples were selected fron 
first material and three from the second, all taken 
different shipments manufactured at different times 
making these tests Filter B-2 was used, the face vel 
was maintained at 300 fpm and the dust feed at 20 ¢ 
hour. The rate of dust feed was set at 20 g as ag 
40 ¢ for the lampblack because of the lower density 
carbon black. The test results on both brands of car! 
black as given in Table 9 show a much higher deg 
of uniformity than those for lampblack. In the case 
Super-spectra Carbon Black there was a marked dri 
arrestance after the second hour of the test, whicl 
probably caused by the inability of the oil to absor! 
dust as rapidly as it was fed. Even though the 
was only 20 g per hour the extremely low density ot 
dust resulted in a high volumetric rate of feed. © 
various carbon dusts tested the Double-Bolted ( 
Dust appears to have the best properties for a dust 
be selected as a standard to fulfill the carbon req 
ments in the code. 

It should be noted that the requirements of a ca 
dust for filter testing are very exacting and may be 
tirely different than the requirements of the dust 
used for commercial purposes. 


Dust Mixture 


From an analysis of dust samples taken from tl 
it appears that there are two typical types of dust, 
from a study of many types of artificial dusts it apy 
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prion 


Je s'est 


ks Table 10 


that these two natural dusts in 
the air may be simulated with 


Dust MIxtTure VoL. IN cx 
carbon black and Pocahontas Per CENT BY or 40 ¢ 
WEIGHT Or MIXTURE 


ash, each prepared by a defi- 
nite process. Tests have shown 


50 Pocahontas Ash 


the performance characteristics 20% Illinois Ash 95 
: ‘ 11 sod 1 : o. 20 Lampblack 
of the various hilters to be quite 10% Fuller's Earth 
different when using the two 50% Pocahontas Ash | 154 
pean - ah 5 Lampblack 
different types of dust. Thus pei tener oe 
- . . 90 Pocahontas Ast 4 
it appears that it is not neces 10% Carbon Dust 
sary to use more than two dif- 80% Pocahontas Ash 0 
: - e . ” Carbon Dust 
ferent types of dust in a test se 
i ° . . ( Pocahontas As} 112 
mixture, but that it is impor 30 % Carbon Dust 
tant that these dusts be mixed 500 % Cottrell Aah 31 


in substantially the same _ pro- 
portions as they will be found 
in the air which must be handled by the filter. 

Most of the test dust mixtures used at the present 
time are proportioned on a weight basis. Since there 
is a wide variation in the densities of the individual 
dusts, there will be a big difference in the ratio of the 
components when calculated on a volume basis. The 
figures in Table 10 show the analysis of six different 
test dusts both on the weight and volumetric basis. The 
figures in the second column show the wide variation in 
densities of the different mixtures, and the figures for 
the percentages by weight and volume of the different 
dusts in the mixture show the wide variation in the com- 
ponents on the weight and volume basis. The sample 
made up of 50 per cent Pocahontas ash and 50 per cent 
lampblack as specified by the standard test code shows 
only 17 per cent of Pocahontas ash by volume and 83 
per cent of lampblack. The density of the combined 
sample is less than one-third that of Cottrell ash, which 
is sometimes used as a test dust. 

Although air-borne dust varies greatly in composi 
tion, depending upon such factors as locality, weather, 
time of year, etc., it seems improbable that it would 
ordinarily consist of more than 50 per cent by volume 
of carbon. This fact was recognized by manufacturers 
and users of filters when a mixture of 50 per cent Poca 
hontas ash, 20 per cent Illinois fly ash, 20 per cent lamp 
black, and 10 per cent Fuller’s Earth was selected as a 
basis for railroad air filter tests made at the University 
of Minnesota in 1937. Usually lampblack or carbon 
black is a very difficult dust to separate out of the air, 
and most filters which will successfully separate it show 
short life and low dust holding capacity. If a test dust 
mixture is to contain 83 per cent by volume of a dust 
which has very decisive effects on filter performance 


and which is found in much lower percentages in average 


lable 9—Comparison of Filter B-2 Performance Characteristics 
on Two Carbon Blacks 


, 


Dust feed 20 g per hour) 


(Face air velocity 300 fpm 


BRAND DENSITY IN G RESISTANCE Rise 
CARBON SAMPLE PER CC | @ in 3 Hours AvG 
BLACK No. | JOLTED (Ix. or H20 | ARRESTANCH 
| 1 | 0.154 ro.118 52.5 
ao Te 0.148 0.125 53.2 
double ; 0.162 0.130 | 59.6 
Bolted 4 0.155 0.135 | 51.0 
rbon | 5 0.171 | 0.123 54.7 
st j 6 0.159 0.126 $3.1 
7 | 0.177 0.143 59.2 
er-Spectra 1 0 066 0.152 64.5 
2 0. O68 0.129 6a 0 
; 0.068 0.131 6 
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Volumetric Analysis of Dust Mixtures by Weight 


\ Vor 


Vol Vor Vor Vor 
Per CEN! Per Cent Per Cent Per CEN Per CEN PER ( 
LAMPBLACK CARBON POCAHONTAS, ILLINOIS PULLER'S ( ' 
Dust ASH Asi Ea 
4.0 11 
83 0 1 
i 8 j 
air, it is evident that the rating ol the filter wv 
leading. 
It might be advisable to formulate more thai mi 


standard dust mixture for the purpose of rating filtet 


to meet the requirements of the dust load which th 
must handle Dust filters to be operated in smoky are 
would be tested with a dust mixture incorporating 
higher percentage of carbon than filters to be operated 


in areas relatively free from smoke 


nation of the gene ral pe rformance of filters 


Table 11—Comparison of Filter B-2 Performance Characteristics 
on Three Pocahontas Ash-Carbon Dust Mixtures 


. , 
(Face air ve tify 300 thn Rati / of feed 40 ‘ 
RR ‘ 
ut 
, ‘ RE + 
) } al +t 4 
) Carb LD i 4 
80 Pocah« s A 
0 ‘ rbo LD 
n Poca ntas A 
10 ( D 


pear advisable to have a basic standard mixtur: 
alternate mixtures to be used only in case the manufa 


turer or purchaser desires ratings for specific purposes 


he base mixture would be as representative as possibl 
of average air-borne dust and result in a reasonabl 
range in performance characteristics for the differes 
filters \ dust mixture which shows a high arrestance 
on the average filter shows little range between the a1 


restance values for different filters. The opposite 
of dust resulting in a comparatively low arrestanc 
filters 


dust feed per hour, a low density dust will result in short 


average Furthermore, for the same weig 


filter life and low dust holding capacities, while a highet 
\ basic stand 


ard dust mixture should show none of these extrenx 


density dust will show the other extreme 


\s previously explained, the investigations made or 
the various types of dusts indicate that the required el 
ments of a dust mixture can be supplied by the tw 
dusts, Pocahontas ash and carbon black The se TW 
lifferent 


types of dust were thus selected and mixed 1 
ratios in order to find a suitable mixture as a basi 


dust. The dusts were mixed in percentages by weight 
of 90-10, 80-20, 70-30 of Pocahontas ash and carb 
dust respectively. These dust mixtures were used wit 


Filter B-2 at a face velocity of 300 fpm and a rate 











ee 


Table 12—Comparison of Filter Performance" on Four Test Dusts 


(Face air velocity 300 fpm. Dust feed 40 g per 








+--+ 2 eee! sSeeeeeweescessss 80% Pocahontas Ash ° 
| end 20% Corben Bheck . 
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Fig. 5—Performance curves for Filters A, B-2, C, and D on 80-20 
dust mixture. Dust feed, 40 g per hour 


dust feed of 40 g per hour. From the results of these 
tests shown in Table 11 it was decided that the 80-20 
ratio, giving approximately 50 per cent by volume of 
each type of dust, was the most representative of the 
three mixtures for a base test dust. 

The 80-20 dust mixture was used for testing Filters 
A, B-2, C, and D, and the resulting characteristics com 
pared with test results for the 50-50, 50-20-20-10, and 
the 100 per cent Cottrell ash tests. The results of these 
tests are shown in Table 12. <A typical set of perform 
ance curves for the 50-50, and 50-20-20-10 mixtures is 
shown in Fig. 4 for Filter 4, and the performance char 
acteristics of the 80-20 mixture for Filters A, B-2, C, 
and D are shown in Fig. 5. The 50-50 mixture resulted 
in the lowest arrestance, shortest life and dust holding 
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capacity, while the Cottr 





hour) ash showed the other ( 
tremes. The 50-20-20 





_—e 50-50 MIXTURE | 50-20-20-10 Mixture 80-20 MIXTURE COTTRELI mixture ave approx 
° vi appro 
ok as : eas De 
Arr. | Lire | D.H.C. | Arr. | Lire | D.H.C.| Arr. | Lire | D.H.C. | Arr. | Lire | D.H.C mately the same results 
= . . ee — ones : . , > 
Filter A 60.9 9.0 | 2191 79.9% | 12.0 | 383.2 79.1% | 10.0 316.3 92.3% | 36.0 1329.0 the 80-20 muxture, p 
Filter B-2 84.7 30 101.7 87.8% | 4.0 140. 7 | . - —_ 
Filter ¢ 59.0 $9 91.45 73.6 60 | 175.0 70.1 6.8 191.0 | 78.4 22.8 | 7150 ably be ause Cac h ( 
sia = eae ae —? von ~e wm. | 8.8 8.8 | $198.0 tained 20 per cent 
Ro ss el tees a eee t canines ‘aieiineet ie weight of carbon. and 
cause Fuller’s Eart] 
+t } tt Pocahontas ash both have about 
PHS = SERLGHAPEALT CRSA TAPE ew same effect on filter performance. 1] 
a ++ +f eS So eee ee ee ee ee ee 
. no SERB rItiyiiivyiiiy rrrii | test values on these two mixtures 
: TT between those for the 50-50 and 
. ‘ 
$ SRRSSSRSRSeeeeeeee Cottrell test dusts 
‘ ; O-;— : $—_f-—4—+-4+-_+- +4444 4 44 gd dd } 
ase e8P cane S8 Pars | rT] TT] Seueeees | A test dust such as Cottrell as 
™ | (S000 SSCRS006 Se8eene. ----:-—-2 ae eee eee |¢ sults in performance characterist 
OTTO tt 44 6 which are probably better than th: 
+—+—+ ne ane Gee dee coon ee en SS SS SS OS SS SS SS Se SS Ee es ee Tt — % , : ° 
ttt a eee eee Te actually obtained in practice, where 
seneeee Tr ae es eal he 50.50 
>—+>-_+__+- + + . . . . * . + : > = - _ - + + + + . . + . . + ” BS < * < a » » I T 
Sos eee eS eTTTIT TTT ITIL root to . a dust suc ras the a OU mixture p 
BSASTUCAMAHCKECRCRERPRRR ETERS REGO KE Gav aow ee ably penalizes the filter unduly | 
B2ee2e8 eee. 80-20 and the 50-20-20-10 mixtu 
y= Dn + ‘ o - . —_— ¢ > . ean ’ alt 
SSSSSSReeeeeeeees eS ces. Aen OR give approximately the same resu 
Seer eee ses See ese eS eee eee eee se! 4 +. etal — N ] ] » tne _ oT ; rama t ] 
BSQGAEREHRER SRE EKER LL See ee eer) es mut the flormer is easier to prepare 
Bee erersess ese eens ret) Catton Sorte (anit |_| ‘ - it h: ] . . ‘ 
Shee LLIITI TI LITT . cause it has Only two components 
4 é oo Pi « ° I a f2e ide P60 £6 wae IfO See fee 0c #00 Ofe all Oe “a 
Weg st fed « Grams 
Fig. 4—Performance curves for Filter A on two dust mixtures, Dust feed, 40 g per hour Conclusions 
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There are two general classes of dusts in so far as th 
effects on the rating of air filters on a weight basis ; 
concerned ; first, the light flocculent dusts represented 
lampblack and carbon black; and second, the more gra 
ular dusts represented by the coal ashes. These du 
vary in density and particle size and it is necessary 
control these variations within reasonable limits i 
effects of the dusts on filter performance are to be « 
pable of duplication. Numerous tests conducted wit 
various ashes and carbons indicate that carbon 
and Pocahontas ash satisfy the requirements of a sta 
ard test dust if controlled within reasonable limits as 
density and rate of burning. Changes in manutfactu 
ing processes may affect the standardization of the « 
bon black, but for any given set of manufacturing con 
tions there was less variation in the carbon blacks th: 
the lampblacks tested. Fifty per cent by weight of lai 
black as specified in the AMERICAN Society oF Hi 
ING AND VENTILATING ENGINEERS Standard Code | 
Testing and Rating Air Cleaning Devices Used in (x 
eral Ventilation Work results in 83 per cent by volun 
lampblack. This is apparently in excess of the any 
of carbon ordinarily found in the air, and 2 
cent by weight of carbon appears to be a more : 
sonable specification. For these reasons the mixture 
SO per cent by weight of Pocahontas ash screet 
through a 200 mesh sieve and having a jolted dens 
between 0.65 and 0.85 g per cubic centimeter, mi 
with 20 per cent by weight of Double Bolted Car! 

Dust screened through a 100 mesh screen and hav 
a jolted density between 0.145 and 0.180 g per cu 
centimeter is recommended as a standard test dust 
be used for the general rating of air filters on a wei 


basis in the laboratory. 
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Cooling Tower Performance Studies 


By L. M. K. Boelter.* Berkeley. Calif. 


This report (Part 1) is the result ot cooperative research sponsored by the 
Committee on Research of the AMERICAN Society oF HEATING AND VENTILATING 
ENGINEERS and conducted at the University of California. Berkeley. Calif. 


Introduction 
HIS report presents data indicative of the dire 
tion in which the Evaporative Cooling Project 
(cooling towers) is proceeding at the Universit 


California as outlined by the ASHVE Technical Advisory 

ommittee on Cooling Towers, Evaporative Condense1 
ind Spray Ponds: B. M. Woods, Chairman; J. ( \] 
bright, S. C. Coey, E. H. Hyde, E. H. Kendall, S. R 
Lewis ]. Lichtenstein, ]. F. Park and E. H. Taze. | 


ther instrumentation 1s required and is in progress. 1 
tentative result _-* a 1} alias cated 

entative results On drop Gynamics will be augm ( 

e application of these results to the mass and lh : 
ransfer phenomena. These results will be availabl 


' 


December 1939 and their application to the sp: 
vill be undertaken. Computations on the effect 
size on vapor pressure, small drop thermal stabilit 
liquid interface cooling due to evaporation and vay 


pressure reduction due to solvents (inypurities 


consideration. Tests on the atmospheric towers 
progress during this summer ( 1939 
‘cr fend 1 ? ( ; re ; 
re in ny t we;rs va ( Cs es 
t and WW I] be CS br ef 


s 1 Cor ng towe t ra i i st 
| rht 11 ; . +} { 
t sections 
Nine decks yus ft s t h 
s f Me 2 t 
I sente th Ss 4 M g \ S 
} ‘ \ M 








ig. 1—View of roof of Hesse Hall revealing louvers and spray Fig. 2—View of towers No. 1 (right) and No. 2 (left) on roof 


pond of Hesse Hall 
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is an induced-draft counter-flow tower packed with special ovate 
wooden slats placed vertically. Pertinent data are as follows: 

Height 12 ft, including a 3-ft drop-out chamber between the 
upper deck and the fan; cross section 3 ft x 3 ft. The casing is 
made of redwood shiplap, #3 in. x 5 in. face. 

There are 22 decks composed of ovate slats with 12 slats per 
deck and 13 slats per deck staggered in alternate layers. The 
ovate slats are 2% in. high by % in. maximum width. 

Distribution is accomplished by means of a 3-in. I.D. wooden 
pipe across the center of the tower. This pipe runs transversely 
with respect to the direction of the slats, and holes are bored on 
he horizontal diameter directly above each distribution slat. 

Performance data are available in the form of test results 
which include the following conditions: Air rate = 3 lb per sec 
md of dry air; water rate 3.5 Ib per second, or 3.06 gpm 
(square foot of cross section); dry-bulb temperature of entet 
ing air 70 F; wet-bulb temperature of entering air 60 F 
water temperature in 85 F; water temperature out 75 OF 

The roof of Hesse Hall is partially protected by louvers 
and an extension of the louver system is contemplated. 
The atmospheric towers have been placed on the roof of 
Hesse Hall (as shown in Figs. 1 and 2) while the forced- 
draft types were placed inside of the same building. The 
piping arrangement for all of the towers is interconnected 
ind is diagrammed in Fig. 7 

In addition to the tower facilities a spray pond 
equipped with high and low pressure nozzles is available 
on the roof of Hesse Hall. Data have been taken on this 
spray pond but they have not yet been evaluated. 


Description of Instruments Designed and Built 


rt. Hair Hygrometer. This instrument offers some 
advantages over other types for the determination of the 
space distribution of humidity. The design proposed by 
Bittner’ is shown in Fig. 8 together with a typical cal 
bration curve \ time lag inherent in the imstrument 
precludes its utilization for atmospheric conditions in 
which the humidity varies rapidly with time. The varia 
B K. D War tragung d tung Konve 
\ 1 Stra B ' M 
j wndlus Py 1 VW , \ \ N 1 
34 





Fig. 3—Atmospheric tower No. 1 
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@9'Section 
Section 
tion of length of the human hair is amplified by an 0.0] 
in. diameter cantilever, the end deflection of which 
measured by means of a microscope. 
2. Thermocouple Psychrometer. 
psychrometry* demands a wick diameter which will p: 
vide adequate cooling to the wet bulb temperature at t! 


Precision spa 


local air velocity. Often the free convection generated | 
the wet junction depression is the only circulation ava 
able. Powell® and Cammerer* indicated the design lin 
of the thermocouple psychre meter. A unit designed 
free convection circulation will possess a wick diamet 
less than 1 mm. In the type illustrated in Fig. 9, N 
36 constantan wire is plated with copper throughout 
of its length thus providing two junctions. The lens 
of the thermocouple wire must be sufficiently great 
reduce conduction to the wet junction to a minimu 
Either the wet junction and dry junction voltages o1 
wet junction depression and the dry junction volta 
may be measured. The wick is either of dental floss 
cotton properly boiled and is fed from a glass reserv: 
3. Absolute Hygromete In order that the w 
vapor content could be determined directly an absorpti 
hygrometer (Fig. 10) was designed after Blackie’ 
sample of moist air is drawn into the thermally insul 
volumetric chamber A by reducing the mercury level t 
by means of the leveling bottle 4/7. Cock C is then oper 
to the sulfuric acid pipette F (the initial acid level be 
at E). Raising M then fills Chamber A with mercury a: 
the air sample is displaced into the drying chamber 
Upon complete absorption of the moisture the acid le\ 
is restored to E, the mercury level to J, and the pressu: 
on the manometer is read by means of the scale K. Up 
correction for the air temperature change (indicated 
thermometer B) the difference between the initial 
final pressure readings will be the partial pressur 
water vapor 


{ Radiometer. In order to measure the rate of ern 


= 
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Fig. 4—Scale model atmospheric tower No. 2 
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radiated by the valu [he natural 
tower under oper Irequency ol the 
ating conditions as moving parts 1s suf 
well as to deter heiently high to 
mine the rate of it measure the velox 
radiation of the ity fluctuations 
tower, a portable whicl will he ere< 
radiometer illus tive in the cooling 
trated in Fig. 11 Ol a water strean 
will be utilized Hot wire an 
Briefly, the unit mometers have also 
consists of a multi heen designed for 
junction recelving this work \ cup 
unit placed at the tnemometer OF spe 
apex of a conical cial design yields 
aperture The ape the usual elo 
ture is defined by lata. The details 
baffles attached to These nits I] bye 
a high heat capacit eC] ed late 
housing; blackened C 
on the inside, chro } £/rops he 
mium plated on the havior of the d 
Fig. 5 Forced convection spray tower outside. Che ré wit! " 
No. 3 ‘7 : Fig. 6—Packed tower No. 4 
, celving <¢ lement \ be stu . 
consists of 140 sil stroboscopicall 
ver-constantan junctions, wound 104 per inch. The con Special ay 
stantan is wound on a frame (thermal and electrical i those particles w nstil 
sulator) and one half of the winding is silver plated. The hown in Fig. 13 is due to Gullberg 
receiving junctions are covered with a tin-foil blackened collected on a nitrate es é ( 
strip. The inverse response (sensitivity) of this radion be observed and photographed si 
Btu tography may be accomplished 
eter is 7.5 The unit is frequent] cali mination which will not LLISE 
foot= hour mn 
brated either by means of a hohlraum, a blackened sur 
at a known temperature or a thermal standard The internal ones 
\ pyrheliomet r is available to measure solar and s] tire] po? urtace 
radiation. 
5. Anemometer. A pressure plate anemometer® illus 
trated in Fig. 12 has been designed and partially cor erned by the orincok 
structed The motion of a diaphragm, excited by the 1 mae sunt 
stream, and resisted by a spring is transmitted to a por creer ae ae 
tion of the core of a coil (transmitter) thus changing th lrag of the 
reluctance of the magnetic circuit. A fixed reactor forms tet he 
inother leg of a bridge Proper instrumentation will wes of the tower onme 
vield either the rms air velocity or its instantaneous and the acti 
Sherlock, R. H Stout, M. B. An A St the s ces al 
Wind Gusts i. . L 
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Fig. 10—Absolute hygrometer 
A, Sampling chamber; B, Thermometer; C, Three-way 
cock; D, Stopper; £, Datum mark; F, Drying chamber; 
G, Reservoir; H, Calcium chloride tube; J, Aluminum 
foil screen; J, Datum mark; K, Sliding indicator; L, Cock; 
M, Mercury reservoir. 


which the tower has been made takes place. The shat 
tering and subsequent distribution of the jets and drops 
impinging upon the internal surfaces of the tower depend 
upon the microscopic characteristics of these surfaces and 
their arrangement. 

The first phase of the evaporative ce voling pre ject will 
include a study of cooling tower behavior. Over-all per- 
formance data will be obtained for the several distinctive 
types of towers described earlier in this report. The be 
havior of these towers under different operating condi 
tions will serve to reveal the different phases of the gen 
eral problem which deserve particular experimental and 
analytical attention. The component unit processes 
which constitute the operation of a cooling tower will be 
outlined later. The end of the research project will be 
to present data and correlations which will make pos 
sible the rational design of a tower in terms of the inde- 
pendent variables. Some of these data are now available 
—others need to be determined. The data will be ob 
tained and will apply to ideal systems, the composite of 
which will constitute the complete ideal tower. The ac 
tual tower performance should differ but little from the 
ideal tower performance if the basic design data are com 
prehensive and accurate. 

When a cool unsaturated gas passes over the surface of 
a hot liquid, a simultaneous exchange of heat and ma 
terial takes place by molecular mechanisms across the in- 
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of interpreting A, Silver-constantan thermopile; B, Baffle 
( Lead-in-wires; D, Receiver 









































Fig. 11—Portable radiometer 


test results. 
The cooling 
tower may be considered as an extraction column 
which one component is missing. The results of the 
test made on the towers will be presented in a for 
similar to those used to describe the behavior of absorp 
tion and extraction columns. 

The cooling process as it proceeds in the tower cor 
sists almost entirely of surface transfer phenomena. Th 
liquid stream is progressively broken into jets, drops and 
sheets. In packed towers the liquid wets the interna 
surfaces, the resultant shattering of the drops, jets an 
sheets being dependent upon the surface characteristics | 
the packing. Evaporative cooling is directly dependent 
upon the phenomenon of surface diffusion, which 11 
volves considerations of surface configuration, rates of i1 
terfacial mass transfer, and surface concentrations a1 
concentration gradients. Cooling by direct heat transfe1 
upon introduction of concepts of the rate of interfacia! 
transfer of thermal energy by conduction and convectio: 
and surface radiation, is directly dependent upon the su 
face configuration, surface temperatures and temperatur: 
gradients at the surfaces, and the radiant emissivities oi 
the surfaces. In addition, there are the perhaps inappre 
ciable but nevertheless not-to-be-overlooked effects of th 
heats of surface adsorption, wetting and dilution, coolin: 
effects which accompany the stretching of surface filn 
static electrical charges on the liquid and tower surfaces 
changes in surface areas due to thermal expansion, chem: 
cal reactions which may take place on any of the bound 
ary surfaces of the liquid-solid-gas system which exist 
within the cooling tower, and impuri- 
ties which collect on the tower and 
liquid surfaces—(such as dust, oil, 
slime or solutes). 

Comparatively little detailed infor- 
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Fig. 12—Pressure plate anemometer 
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mation is available concerning phenomena of this typ Solar cturnal) radiat 


And it is largely due to the lack of quantitative, (01 f HM micity and is val 
qualitative in some cases), information concerning thesé he ‘om oa 
microscopic details and their relation to the over-all per B. The Liquid Circuit 
formance of cooling towers under different operating The liquid temperature at 
conditions, that many uncertainties have arisen in con apeiron 
nection with a complete understanding of the design and 6 , si props : . : 
operation of present-day semi empirically constructed : 2 D. 
towers. tivity. \ vap press 
Passing to a consideration of the relation between the eat al aid isin, sineliiataint 
internal operation and the many independent external face e vit Radiant en 
variables, it is seen that for a given cooling duty of an weight ai 
atmospheric tower the constantly changing weather cor te of flow and t 
ditions and the rate at which cooling must be accon 
plished represent the independent variables to which op en phox _ 
erating conditions within a given tower must be adjusted ey —— 
In order to present an adequate formulation of th« p 
problem, it is necessary to assemble for consideration all 
f the variables which can affect the performance oi 
cooling tower in any way. In doing this, it would see: 
to be most significant to take a broad point of view and Liq t 
consider a cooling tower to be any structure which is oj ™ 
erated for the purpose of cooling any liquid primarily b - 
the method of evaporating a part of the liquid str 
into a stream of gas as the two fluids flow through the 
structure 
Some of the variables noted here may be mk eligibl 
effect. In order to accomplish a fairly complete preset 
tation, the list has not been restricted to the ind pendent 
variables. Furthermore, all variables are to be cons 
ered in the light of different operating conditions 
given tower. The relative effects of the variables 
lifterent types of construction and with different flu 
should be investigated together with the effects 
structural details themselves 
\ possible grouping of three variables foll : 
A. The Gas Circuit ( 
! The gas temperature ind the variation t g 
structure 
The moisture content of the gas and t variation C. Charactertistics of the structure itself and the manner in 
throughout the structurs which it is arranged and operated 
[he barometric (total) pressure and the pressuré iria truct t 
ns throughout the structure 
t. The physical properties of the gas which have a bearing M 
tower performance and which commonly var 
the temperature, pressure and moisture content :—densit) 
specific heat, thermal conductivity, viscosity, coefficient 
thermal expansion, vapor diffusivity, apparent molecular 
weight and gas constant, number and type of gas« 
ions present : 
rhe rate of flow, over-all and in different se 
Tower, 
Velocity distribution and turbulence within the tower 
as aftected by the type of construction, the rat ' 
liquid and gas flow, and the weather conditions I t > ‘ rat 
tial conditions in the gas stream) ) : 
I l Ww resistance chara teristics ot the tower tr orat 
and surfaces , ‘ 
6. The weather variables. (The word weather as used t st re irt towel ' . 
should be considered as a general term referring 
initial conditions in the gas stream The relative 
portance of some of the variables in this category a 
ously depends largely upon the type of tower constru rect reflect 
tion involved). tat ith respect t : 
a. Temperature and its variation 
Wind velocity and direction as periodic and transient Interteret ettect 
functions of time 1. Drift loss as a nuisance 
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S. Type of gas circulation provided for; ee) 
.é., free or forced convection in any of 
the many special arrangements. oO 

9. An important general item in this con | 
nection is a special study of the impor- Q 
tance of the time and relative direction 
of contact of the gas and liquid and the 
interfacial surface areas and the result 2 IK 
ant effects on tower performance as in o 
fluenced by constructional details and 
arrangements and the operating condi 
tions as determined by the many inde 3 
pendent variables 

For example, the unit mass transfer 
conductance varies with the 0.37 power 
of the air velocity for air flow normal 
to the liquid, with the 0.56 power for \ 
transverse flow and the 0.80 power for B 
longitudinal flow. Each type of relative 
motion is present in the atmospheric ‘ 
tower. D 
\ second phase of the project will be : 

to establish the model laws of cooling F 

tower behavior. Upon presentation of 

these laws, tests on models may be ex 

trapolated to the prototype with reason 

able certainty. A third phase will be to attempt to 

formulate field testing technique and finally the fourth 

phase will be to study the economics of evaporative 


cooling, 
Drop Dynamics 


A study of the behavior of falling water drops will re 
veal results which may be applied to the problem of deck 
spacing in atmospheric (free convection) towers to the 
design of forced convection spray towers and to the de 
sign of cooling ponds. The knowledge of the dynamical 
behavior of drops will serve as the introductory step to 
the study of the heat and mass transfer experienced by 
drops as upon passage through the tower. 

This behavior is most readily summarized in the form 
of velocity-distance-time curves for various drop sizes 
These curves are computed in the following manner : 











l The equation of motion The equation determining th 
path of the drop when falling downward ts 
Apv® dv 
mg ( mt 
24 ae 
where m mass ot drop, velecity ot drop, é time 
DROP DYNAMICS \, parte 
STEADY STATE N25 - . 
VELOCITY-DROP > ‘ 
MAT ~ 
DIAMETER DATA S20 ‘. 
een © 7... ae 
ata) SO : FLOWER 
cos Ole «(Ole ti * 
on leer bay 490 rss a j 
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Fig. 14—Drop dynamics. Steady state velocity as a fune- 
tion of water drop diameter. Data of Liznar and Flower 


Oo 


Fig. 15—Drop Dynamics 
Steapy Strate Reynotps’ NuMBER 
PLorTe AS A FUNCTION F Dror Diamt 


Flower and Wieselsberger 
Liznar and Wieselsberger 





Limitinc Reynoips’ Numpei Sta D 
As a Function or Drop Siz 

Lenard and Flower 

Lenard and Liznar 
Drag CoErrricieN AS I ‘ . rF Reynoups’ N 
Methyl salicylate roy lower 
Water drops Flower 
Water drops Liznar 
Spheres W ieselsberger 
Flat plates Wieselsber 

dz 


acceleration of drop, acceleration of gravity, p 
dé 
density of the air (or any fluid through which the drop mig 


; 


fall), ¢ aerodynamic resistance coefficient defined by 


ys oe " . } > > } Ls 
Resistance offered by the aw 
’ 


equation ( projected area 
Apu" 
the drop normal to the direction of motion. Experimental dat 


are available establishing C as a function of the Reynolds’ Nu 


Vd 
ber for the drop, Re where d= equivalent diametet 
y 
spherical drop of equal volume, » = kinematic viscosity of th 
\ falling drop which encounters air resistance will be son 
what deformed compared to a true spherical shape. Phot 


graphs of falling drops have shown that a drop of dian 
1 or 2 mm or larger falling at the steady state velocity 
the shape similar to that of an inverted acorn; te., the i 
ing surface is appreciably flattened while the trailing surf 
remains distinctly rounded but is slightly elongated. 

Chis deformation gives rise to the question of how th 
jected area A and the equivalent diameter d should be measut 
For want of a more satisfactory and convenient method, it 
been the practice to refer these values to the equivalent spheri 
drop having the same volume as the actual drop. The sat 


factory correlation of the aerodynamic resistance coefficient 


a tunction of the Reynolds’ Number on this basis justifies 


method 


2. Data on the steady-state velocity of falling drops and 
application to the determination of the resistance coefiicient 
a function of Reynolds’ Number 

Liznar,” who summarized the data of Schmidt* and Lena 
gives magnitudes of the steady-state velocity for falling wat 
drops. Similar data are given by Flower.” Data on the 
crease of velocity over the steady-state velocity which is 
quired to shatter a drop is reported by Lenard;” this inforn 
tion serves to establish the limiting velocity which is poss 
for a stable drop. For the air resistance of solid spheres, 
data of Wieselsberger™ is outstanding and has been re-chec! 

"Liznar, J., Meteorol. Zeitschr., 31, 339 (1914) 

‘Schmidt, W., Akad. Wiss. Wien Sitzcungber 118:2a, 71 1909 

*Lenard, P., Meteorol. Zeitschr, 21, 249 (1904) 

‘Flower, W. D., Proc. Phys. Soc. London, 40, 167 (1928 

MLenard, P., Ann. Physik, IV-65, 629 (1921) 

“Wieselsberger, C., Zeitschr. Flugtech Motorluftschiffahrt, 5, 
(1914). 
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Fig. 16—Drop dynami« s. Velocity- corresponding velocities attained. Drop CONCENTRATION DIFFERENCE 
. : f 
distance-time curves for water falls from rest through still air alias — ee 
drops falling from rest through ' 
. . Fig. 18--Lnit ev iperation rate trom 
still air 
quiet water surfaces to quiet alr 
: 1) ameter > i function of the v iper concentration 
a 2 te difference at the liquid-air interfac 
FI free f und far away 
by subsequent investigations of Other workers Equations for H-surlace 
[he relation between the steady-state velocity ar 
diameter, revealed in lig. 14, illustrates the manner in w 
the deformation of the larger drops gives rise to a greater i y 
crease in the resisting force of the air than the enlarged siz 
increases the drop weight According to the available data, it ‘ ee es 
would appear that a drop of about 5 mm diameter falls witl tl i oll i 
ai ili i a 
the maximum steady-state velocity The extent to which the a ' 
. I asure } £ 
curve falls off for the larger drops is somewhat uncertain throuch still a ; t 
Additional data are needed to completely establish the behavior » atream 3 1 t 
° i bo | ail ‘ ; . 
f drops which have diameters of 6 and 7 mn . , , 
Magnitudes of the limiting velocity for a stable drop, as di a a 
termined by applying the velocity increments given by Lenar eat 
the ste ady State velocities are also givet in the table ot ‘ wal 
Fig. 14. These magnitudes mav be utilized in the study of ‘ 
nozzle discharges and in deterr ing the maximum possible size : , . 
tor a stable drop 
stance g 
lo determine magnitudes ot the resistance coefficient ais . 
the steady state velocity and the condition , 
10 ° 
tuted into the equation of motion which is then solved 
‘ - . . hal ( 
Results of such computations are given in Fig. 15 ‘ : 
The effect of the deformation of the drop in increasing t 
resistance above that for a sphere at the higher magnitudes ine torm ot t ( i t 
, R Ide’ ’ | ' in | \ 
Reynolds’ Number is also shown here, the resistance efi IN . 
lent increasing to the magnitude corresponding to a flat circu integration | t 
ir plate (it may even go above this value, but the availabk 
lata are of a limited range and do not establish this point 
The effect of the surface tension of the drop upon the deg: 
t deformation under given flow conditions may be obtained ( 
m the data of Flower for methyl salicylate, which possesses 
surface tension about one-half of that for water. Magnitudes r 
Reynolds’ Number corr sponding to the steady-state : 
imiting velocities are also shown as they depend upon tl 
rop size; it is seen that the two curves intersect at a dr 
ios ‘ 
ameter of about 8 mm, indicating that no larger drop could aes i 
stable. Measurements of the size of raindrops” serve to ¢ 
rm this point. In an ordinary heavy rain the largest drops @ 
ot the order of 5 to 6 mm in diameter Heavy thunder of 
R : 0 0 
rms contain a few drops up to 6.5 or 7 mm in diameter 
lhe wide spread between the data of Flower and that of elocity-distance-time irve 
"nar requires some € xplanation At first it was thought that manner tor dre ps t diameter 0.2, 0 ; 
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both for the case in which the drop falls from rest and that in 
which it is discharged (either upward or downward) from a 
nozzle. Two sets of curves have been computed, one according 
to the data of Flower and one according to the data of Liznar. 
Even though it is believed that the magnitudes according to 
Liznar are the more accurate, the use of both sets of data will 
serve to indicate the effect of changes in the value of the resist- 
ance coefficient and the range of behavior which one may expect 

These curves have been computed for the case in which the 
drop falls through still air, but they may be applied to the case 
in which the air is in motion upon recognition of the fact that 
the velocity of the drop as given is that relative to the air 
through which the drop is passing 

4. Velocity-distance-time curves for drops falling from rest. 

Characteristic relationships can be brought out clearly for 
drops of 0.5, 2, and 5 mm diameter as representative magnitudes 


computed according to the data of Liznar 


Table 1 
' 
Drop | 
DIAM- Free Faw | @ 0 5 ™™M d 2 0m™M 1 5 0™™M 
ETER | 
lime c $ } p § P s r 5 
Sec FT/SEC FT | FT/SE FT | FT/SEC FI FT /SE FT 
0.1 | 3.18 0.16 | 2.85 0.145 3.15 O15 3.18 0.16 
0.2 | 0 64 475 0.538 | 6.05 0 61 6.32 0 638 
0.3 ' 1.45 5 84 1.078 8 82 1 37 9 O4 1.43 
04 2 57 6.40 1 69 l 10 2 36 12.12 2.50 
0.5 | 16.08 4.02 | 6.73 2.36 12 95 3.57 4 62 ; 84 
0.6 5.79 | 6.94 ;.04 14 47 1.93 16 91 5 42 
0.68 | 7.02 3.59 
0.7 7.88 | 15 66 6.45 19 02 7.23 
08 25.73 10.29 | 1.43 16 59 8 08 20.85 9.22 
09 | 13.02 | 17.30 982 | 22.26 11.37 
10 | 16.08 | 5 85 17.81 11.54 | 23.40 13.64 
ey @ 18 OO 
12 | |} 18.41 15.31 | 24.96 
1 .356 | | is 0O* 
14 | | 18 84 | 25.82 
1.6 | | 19.15 | 26 45 
1.66 | 19 20 | 
1.84 | | 26.9 
} 
*—limit of plot. Interpolation equations are used for greater distances 
steady State veiocity 


Magnitudes are tabulated in Table 1 and are plotted in Fig. 16 
3. Lhe time required to travel a given distance and the velo 
uttained in this distance as related to the diameter 
ing from rest. 

Data of this type have ’ 
spheric cooling tower and are tabulated in Table 2 as well as 


being plotted in Fig. 17 


Table 2 


DISTANCE OF FAL! S 1.51 Ss 2 Ss 10 
} 
Drop DIAMETER | 4 ca t 4 , 
MM | SEC FT/sec | SI FT/S! ome wt /s3 
0.2 0.696 2 367 1.12 2 367 1 68 2 367 
0.5 | 0.371 6 28 0 620 6.77 0.738 7.02 
1.0 | 0.3275 8.10 0 4359 ) SU j 0 582 11 12 
2.0 / 0.315 9.18 } 0412 11.34 | 0.533 13.50 
3.0 i 0.311 9 50 0 403 11.87 | ©0516 14.17 
4.0 0.310 9 56 0.402 12.00 0.514 14.66 
5.0 | 0.309 9 59 0.401 12.15 0.512 14.90 
6.0 0.308 9 60 ' © 400 12.16 i 0©.510 15.05 
Free fall | 0.307 9 86 i} 0.396 12.73 0.499 16.06 


The data presented in Tables 1 and 2 on drop dynamics will 


serve as an introduction to a more comprehensive report which 
will be available within the year. 

The following tasks are now being accomplished : 

1. Correlation of the velocity-distance-time curves for drops 
discharged from a nozzle and decelerated by the air resistance 

2. Heat transfer computations for the evaporative cooling of 
falling drops 

3. Studies of the dispersion of jets and attempts to definitely 
evaluate the deformation of the drop as it encounters the resist 
ance of the air. 

1. Considerations relating to the dynamics of drop impacts 


and heat transfer accompanying such action 
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Evaporation from a Quiet Water Surface Into 
Quiet Air 


These experiments*®**** furnish the data ifr 
which the minimum rates of evaporation from a horizo: 
tal water surface may be predicted. No water suria 
existing in and about cooling towers will be bounded | 
quiet air. Mass and heat transfer will then occur in e 
cess of that rate which is due only to free convection 
the air. Therefore the data presented in Fig. 18 may 
considered as the minimum unit evaporation rate whi 
will be experienced from water surfaces existing in co 
ing tower systems. 

The data shown apply only for a 1-ft 
pan, distilled water being held at the level of the si 
rounding 5x5 ft floor, The pan was completely housed 
order to prevent cross flow due to thermal and dynan 


diamet 


wind forces. 

The experimental data lie in a range in which the w 
evaporation rates [pound per (square foot) (hour) | 
not quite independent of pan diameter, varying appro» 
mately inversely as the quarter power of the diamet 








As a first approximation the results may be used 
other surface areas with diverse surroundings. 

The analogy between heat transfer and mass trans 
in free convection has been established for a limit 
range of the pertinent variables and for one geometri 
arrangement. For heat transfer the conductance per w 
area for the top of a horizontal surface is approximat 
1.2 times that of a vertical surface’®. Although based 
meagre evidence and on the validity of the heat transf 
—mass transfer analogy, the evaporation data obtain 
for a horizontal surface will be divided by 1.2 in or 
to obtain a first approximation to the mass transfer 
vapor from a stationary vertical water sheet into quiet 
at different humidities. 
Fig. 18 and may be used to predict the minimum rat: 


These data are also show 


evaporation from a vertical water sheet to quiet ait 


Results on the Mechanically Induced Draft, 
Contra-Flow, Packed Cooling Tower 


A photograph of this tower is shown in Fig. 6 a 
construction details are revealed in Fig. 19. <A descr 
tion of the tower is included earlier in the paper. 1 
piping arrangement is shown in Fig. 7. 

The tower was tested'’ at various air rates and 
Mass 
The a 


age discrepancy was approximately +3.5 per cent. 


various water rates as indicated in Fig. 20. 
heat balances were accomplished for each run. 


pressure drop through the tower has not yet b 


measured. No attempt has been made to condition 


entering air so that a complete series of runs for vari 
humidities must be made throughout the period « 
year (low humidities usually occur only in September 
Entering air relative humidities ranged around 60 
cent, dry-bulb temperatures ranged from 65 F to 7 


“’Sharpley, B. F., and Boelter, I M. K., Ind. Eng. Chem 2° 
1131 (1938). 

“Gordon, H. S. Thesis M. S. Degree 1938. Evaporation fron 
foot Diameter Water Surface into Quiet Air. (On file in the Univer 
California Library, Berkeley.) 

Griffin, J. R. Thesis M. S. Degree 1939. Evaporation from 
zontal Water Surface into Air by Free Convection. (On file in 
versity of California Library, Berkeley.) 

Bosch, M. ten, Die Warmetibetragung, 3rd Ed., p. 167, Berlir 
Springer, (1936). 

MLondon, A. L 


the 


Thesis M. S. Degree 1938 The Performance 


acteristics of a Mechanically Induced Draft. Contra-Flow, Packed 


ing Tower. (On file in the University of California Library, Berkel 
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i 
[.~+ —"f-gasin 
Fig. 19—Construction details of airfoil-section packed tower 
and entering water temperatures ranged from SO F t 
103 F. 
The eftectiveness of the tower was defined in the i 
lowing manner 
ex = enthalpy reduction of water divided by the may ' 
wossible enthalpy decrease of the water if the exit air is satu : 
ated at the inlet water temperature This effectiveness rat . 
defines the tower pertormance as an air heater and humidific 
and is shown as a function of the air rate in Fig. 20. It will 
* 4 iva 
be noted that the effectiveness is independent of the water rat rR 
down to 1.75 lb per second, below which partial wetting 
the packing results F 
\ dimensionless ratio,” named the number of Transfer Units 
fnA 
where fo mass transfer conductance per unit area Acknowledgments 
pounds per hour foot’(pound/pound), A area 
foot’ and air rate in pounds per hour may lx sed as t 
generalized variable instead of the air rate G The actual lengt 
P ; ( f I 
ui the tower (/) divided by the number of transfer units , 
’ , , rT! | ( ) ( 
called the height of a transfer unit, HT| The HTU for t 
packed tower ranges from 3.5 tuo 8.5 ft rhe behavior of t! >. SsOrdol itt 
tower can be expressed empiri allv by the equatior |) is ‘ | 
‘ 7 
A I » I ¥. 4 
hye ' ’ ~ 
1.4 & 
, ‘ ‘ | ; \ ~ 
where » = fraction of the packing which is wetted ’ 
\apn ain base ” ve water rates greater thar Lz phe techni - ‘ 
r second Another effectiveness ratio whicl is hased upor tree | ( 
ling performance may be defined as t \) ‘ 
é enthalpy decrease of water divided by the maximun 
sible decrease, provided the water exit temperatur: Cas . , 
ides with the inlet air wet-bulb or ; 
decrease of water temperatur: as 
e vv s s 
ater temperature—tnlet air wet-bul tem pe ‘ 
range of variation ex and e is almost identical, althoug : 
€ variation is opposite For instance, for the same liquid S50 
the magnitude of «. for the high gas rate will corresp 
that of en for a low gas rate The effectiveness as a < ling , wlaclos 
it increases with increased gas rate 
\ more complete analysis of the results is under con 
sideration, which, when added to the pressure drop data Smoke Hazards of Air Conditioning Systems 
ll be presented in a future paper. 
Conclusions 
Progress on the specific problem of evaporative cooling 
water by direct contact with air is being made. The variables 
ve been segregated and the effect of each independent variable 
| be studied separately. For instance, models of the full trolling t 


See reference 2, p. 490 
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Ozone in Ventilation—Its Possibilities 
and Limitations 


By William N. Witheridge* and Constantin P. Yaglou** (MEMBER) 


Hk purpose of this work was to study the possi- 
bilities and limitations of ozone for counteracting 
body odors in ordinary occupied rooms. Answers 
were sought to the following questions : 

(a) How much ozone is required to counteract body odors 
under various practical conditions ? 

(b) How are the occupants affected by such ozone con 
centrations £ 

(c) Does ozone oxidize body odors in the air, or does it 
“mask” them under practical conditions of ventilation? 

Che action of ozone on various odors, such as hydro 
yen sulfide, butyric and valeric acids, indol, skatol, am 
monia, stale urine, and others, has been studied by sev 
eral investigators, but to our knowledge, there are no 
quantitative data on the effect ot low ozone concentra- 
tions upon body odors in the air of ordinary occupied 
rooms. \ serious obstacle to these studies has been 
the lack of a sensitive chemical method for measuring 
such low ozone concentrations as are permissible in ven 
tilation work. Moreover, knowledge is still lacking on 
the constituents that make up the body-odor complex, 
and the only basis there is to work on is the smell of 
the complex and the quantity of clean air required to 
dilute it to the threshold concentration. 

Low ozone concentrations in rooms estimated from the 
ozonator output and extent of dilution are open to criti 
cism because of the great variability in decomposition of 
ozone depending on the characteristics of a room and of 
the air supply system, absolute humidity which appears 
to be very important, temperature, and possibly other 
Body 


odors, too, have peculiar disappearance characteristics 


factors that may arise under practical conditions, 


of their own, and it is difficult to predict their interaction 
with ozone except by actual tests using the human nose 
for judging the results, 

In the present study, low ozone concentrations were 
estimated from the strength of smell, using a technic 
developed in previous works": * An interesting find- 
ing which permitted estimation of ozone concentration in 
the presence of body odors was the inability of the latter 
to affect the ozone smell. With proper technic, there was 
no difficulty in distinguishing ozone intensities regardless 
of body-odor strength. 


“Industrial Hygiene Engineer, 1151 Taylor Ave., Detroit, Mict 

**Associate Professor of Industrial Hygiene, Harvard School of Publi 
Ilealth, Boston, Mass 

Fair, G. M On the Determination of Odors and Tastes in Wate: 


( rnai New England Water Works Association, 47: 248, 1933; a brief 
review rf lite rature.) 

Yaglou, C. P., Riley, E. C., and Coggins, D. I Ventilation Require 
ments (ASHVE Transactions, 42: 133, 1936.) 

Yaglou, C. P., and Witheridge, W. N Ventilation Requirements 
Part 2. (ASHVE Transactions, 43: 423, 1937.) 


Presented at the Semi-Annual Meeting of the AMERICAN SoOcIETY OF 
HEATING AND VENTILATING ENGtneeRS, Mackinac Island, Mich., July, 1939 
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Review of Physical, Physiological and Pharmac: 
logical Properties 








Ozone consists of three atoms of Oxygen in an u 








ay C. <& © a 


stable combination, represented as © 





the oxygen atom set free possesses great oxidizing powe : 
Ozone is a normal constituent of country and pola 

in detectable, but ill-defined, concentrations. It ts 
duced in nature photochemically by ultra-violet light, ai 
is almost absent in city air, except during thunderstor 
Even in the absence of oxidizable material, the rat 

decomposition of ozone is known to increase apprecial 
with a rise of humidity and to a smaller extent w 
temperature rise also. 

Ozone has a pungent odor, somewhat similar to 
of chlorine or garlic, and is, therefore, a very effect 
masking agent for odors which are not readily oxidiz 
In high concentrations it readily oxidizes orgamic matt 
and has a variety of applications in water sterilizati 
bleaching, and in the control of fungi and spores in co 
storage rooms. The oxidation of body odors by oz 
at concentrations that are permissible in ventilation w: 
is highly debatable. Erlandsen and Schwarz*, Hill a: 
Flack®, Jordan and Carlson®, Konrich’, and others wor 
ing on odors that are supposedly related to the bod 
oder complex, ascribed the counteraction to maski 
rather than to oxidation. These studies were sevet 
criticized by the ozone industry, directly or imdirect 
but no authoritative data have been presented to re 
the findings. 

The toxicologic properties of ozone are fairly 
known. 
1 ppm) it exerts a powerful irritating action « 


Even in relatively low concentrations (0.1 


mucous membranes of the respiratory organs and sl 


ens the lives of guinea pigs after months of continu 
exposures.* Pneumonia is the terminal condition. M1 
higher concentrations lead to death in shorter peri 
from lung congestion and edema There is no s 
temic poisoning, as most of the ozone is decomposed 
the mucous membranes of the respiratory tract, w! 
its destructive action is mainly localized. 

The irritation threshold appears to be about 0.05 pp: 
there is no evidence of damage to health in concent 
tions well below this. Workers in the London subw 


‘Frlandsen, A., and Schwarz, L Experimentelle Untersuchunger 
Luftozonisierung. (Zeitschr. f. Hyg. u. Infektions-Krankh., €7: 391 

Hill, L.. and Flack, M.: The Physiological Influence of Ozone 
ceedings Royal Society London, Series B, 84: 404, 1911-1912.) 


*lordan, FE. O., and Carlson, A. J Ozone: Its Bactericidal, P 


logic, and Deodorizing Action (Journal American Medical Ass 
61 1007, 1913.) 
7Konrich: Zur Verwendung des Ozons in der Luftung Zeits 


Hya.. 73: 448, 1913.) 
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Table 1—Effects of Ozone in Various Concentrations 


ParTs OZONE 
pER MILLION 





Parts OF AIR OsserRveD Errects AUTHOR 
py Vol 
0.01 Threshold for keen sense of smell Hill's Discussion (19 
Confirmed t prese 
0.015 Normal threshold Present stud 
Readily detectable 
mal persons 
0 04 Upper allowable limit in occupied; Present 
rooms 
0.10 Objectionable to all normal pers Prese 
immtating to mu is membranes 
of nose and throat in yst per 
sons 
0.5-1.0 Disorders breathing, reduces oxygen; (5), (8 13 
consumption and shortens live 
= guinea pigs 
0.3-1.5 Inhibits fungus and mold growth ir 14 15 
sld-storage roor 
1-10 Headache respirator ifritatior 5), (6 
aT ma 
15-20 Leth st i i al ? 
> 1,700 € t € S 
6,500 Cx a gan 15 
ave shown no ill effects after years of exposure to con 


centrations at or slightly above the olfactory threshold 
In Table 1 are outlined the effects at various concentra 
tions, as reported by different investigators 

It is now generally recognized that ozone is not a satis 
factory germicide at concentrations within the range ol 
(0.01 to 0.04 ppm) ; 


varies with the concentration, the degree of atmospheri 


human tolerance its effectiveness 


humidity, and last, but not least, with the species of bac 


teria involved 


On certain species, Jordan and Carlson" were unabl 


to obtain any sure germicidal action with amounts of 


ozone from 3 to 4.6 ppm. Concentrations sufficient to 
kill dry typhus bacilli, staphylococci, ol streptococe 11 
the course of several hours killed guinea pigs sooner it 
Sawyer’s experiments 

Claims for converting carbon monoxide to carbon di 
xide by the use of ozone in garages are now generally 


liscredited.’ 
Method of Present Study 


Description of Experimental Rooms: The experiments 


were carried out in the spring and summer of 1936 
Two adjacent rooms were used, each having a net ait 
space of about 1,400 cu ft. One of the rooms designated 
hereafter as the experimental room, was occupied by the 
subjects who produced the odor to be counteracted by 
one. The other room served as a control room for 
ure air and was occupied by not more than two judges 

a time who estimated the odor intensities in the ex 
perimental room. A small tight door, closing against 
felt cushions, allowed passage of the judges from the 
ntrol to the experimental room for estimating the 
ozone or body-odor intensity and quality of air. All 
window and door cracks in the experimental room were 
ed with plasticene and taped over with adhesive tape 
tests with low airflows, the small connecting door was 
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partment of Sanitary Engineering, Harvard University, 1936.) 
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Olfactory Seale of Odor Intensities 


Table 2 











| 








OpoR 
INTENSITY DESIGNATION | EXPLANATION OR QUALIFICATION 
INDEX 
0 None No perceptible odor 
Vy | Threshold for keen| Very faint, barely detectable by trained per- 
| sense of smell sons, imperceptible to untrained persons 
1 | Normal threshold | Detectable by all normal persons but not ob- 
jectionable 
2 | Moderate | Neither pleasant, nor disagreeable; allowable 
| limit in rooms 
3 Strong Objectionable; air regarded with disfavor 
4 | Very strong Disagreeable, annoying, irritating 
5 | Overpowering Sickening, nauseating 


mental room behind the subjects, and the ozonized air 
was blown upward against the incoming air so as to 
obtain good mixing. 


Results 


Olfactory Ozone Intensity in Relation to Ozone Con- 
centration: The success of the whole study depended 
largely on the ability of the human nose to judge low 
ozone concentrations that are below the limits of present 
chemical methods of analysis. It was necessary, there- 
fore, to study first of all the relationship between olfac- 
tory intensity and concentration of ozone in clean air free 
from body odor. 

Ozonized air in measured quantities and concentra 
tions was diluted to known extents with the air supplied 
t» the room, the mixing taking place inside the experi- 
mental room. After allowing sufficient time for equili- 
brium, two trained judges passed from the control to 
the experimental room several times in each test and 
recorded the strength of ozone, immediately after enter- 
ing, according te the scale in Table 2. The results are 
shown in Fig, 2, and it will be seen that for any given 
ozonator output, the ozone concentration, and hence its 
olfactory intensity in the room, depended largely on the 
absolute humidity which affects the ozone decomposition 
rate. In a series of tests with absolute humidities of 3 
to 5 grains per pound of air, obtained by silica-gel dehy- 
dration, ozone was found to be fairly stable after equi- 
librium was reached and the concentration in the air was 
but slightly lower than that computed from the ozonator 
output. 


composition in bone-dry air free from oxidizable ma- 


This agrees with previous work on ozone de- 


terial.** 

Approximate ozone concentrations corresponding to 
any given ozone intensity in the experimental room can, 
therefore, be read off the O humidity line in Fig. 2. The 
amount of ozone to be added to the air in the room in 
order to obtain the given ozone intensity, or concentra- 
tion, depends on the absolute humidity and can be read 
off the appropriate humidity line in Fig. 2. For ex- 
ample, to obtain an odor intensity of 2, the required ozone 
concentration must be about 0.03 ppm. If the humidity 
is 40 grains per pound of dry air the amount of ozone to 
be added to the air to obtain an equilibrium concentra- 
tion of 0.03 ppm with a corresponding olfactory in- 
tensity of 2, is 0.10 ppm, whereas with a humidity of 
100 grains per pound the ozone to be added must be 
approximately 0.9 ppm. These data apply only to the 
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Effect of humidity on disappearance of ozone in uno 
pied experimental room 


Fig. 2 








The lines for 0, 80, and 100 grains humidity were 
the data for the 4, 20, 40, and 60-grain lines using 
empirical equation: 
log (1 
R , os 
1.155 
in which G represents the humidity in grains per | rf 
and R represents the ratio between ozone intensity at idity G 
ozone intensity at zero humidity the same rdina I 
deviation of the experimental data from the values g 
equation was 0.07 on the odor scale, and the range of variations 
from 0.12 positive to 0.23 negative on that scale 


experimental room used in this study under co 
of equilibrium. 

Neutralization of Body Odors by Ozone: The met 
of carrying out tests was somewhat similar to t! 
lowed in previous work on ventilation requirement 
except for the addition of ozone near the middle ot 
test. Experiments ran from 9 a. m. to 12:30 p. m 


to 5 p. m. Altogether, 95 persons served as sub 

largely adults and grade-school children chosen 

poorest socio-economic status. 
After the body-odor intensity 


brium during the first part of each test, the « 


Was 
turned on and adjusted so as to get maximu 
odor obliteration the 

] 


Ozone and body-odor intensities were estimated b 


with minimum smell 

to six judges upon entering the experimental roor 
the control room, using the olfactory scale in | 
for both odors. 

Fig. 3 shows the progress of a typical experiment 
ozonator was turned on about an hour after the sub 
entered, and in 20 min _ the 
dropped from 3.5 to 0.5, while the ozone intensit 
Whe 
ozone output was reduced, the body-odor intensity 
simultaneously, and after about an hour, both appr: 


bodv-odor mite! 
on rising toward the objectionable point. 
equilibrium. 


A summary the data 
under equilibrium conditions is given in Table 


of obtained in fourtee1 


can be seen in columns 6 and 7 that the introduct: 
ozone reduced the body-odor intensity in all inst 
but in no case was it possible to counteract the two \ 
so that neither could be smelled. Ozone concent: 
had to be perceptible to do any good at all, ar 
higher the body-odor intensity, the higher the 

intensity had to be to counteract it. The limiting 

was the ozone odor itself which sometimes becai 


objectionable as the body odor. 
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Table 3—Counteraction of Body Odors with Ozone mg per liter approximately, | 

















SumMary oF Experimenta Data Unper Conpitions or Eguitreriv» oxidize this hvdroget sulfide 
pe i 2 ean a would theoretically requir 
1 | 2 3 } 5 6 7 | 8 | 9 10 : . 
xpr. | No. or AIR HuMIpIty | OvuTDOOR INITIAL FINAL OBSERVED | OzoNaATOR | ESTIMAT! S35 
No Sus | Temp GRAINS | AIR Bopy Bopy }OLFACTORY,| OUTPUT OZONE 0 008 00112 ma 
jects Dec F H20/Ls | SUPPLY Opor In- | Opor In- | Ozone IN-| PPM. BY CONCEN UO >» il 
Dry AIR CFM/ | TENSITY TENSITY | TENSITY | VoL. OuT- | TRATI 34 
| PERSON | No 0s (wiTH Os) | poOoR AIR Room 
| | | | SUPPLY PPM. BY ‘ ozone aT, ‘ ‘ 
| ¢ ” 112 s(K 5s \ct 
| | } I 2 OOLLS { ; Dp 
—t. ¥ 78.0 33 17 2.0 0 1.75 0.044 0 023 ally the amount of ozone require 
83 7 754 | 30 13 3.0 | 0 2.25 0 O87 0 036 “ih ae . ear 
S4 7 82.0 | 77 | 21 1.5 | 1.5 | 0.50 0.028 0.012 ( COMIpIere OrNa Is ‘ 
nT | 7 85.0 | OS 7 3.0 | 2 25 0.75 | 0.039 0.012 : 1 1, ? _ 
a6 9 | 3:7 70 | 10 3.0 1.75 0.75 0 026 0.012 ct Si A ‘ s 
87 7 85.5 | 87 13 3.25 20 | 1.00 0.024 0 011 lreadv pre tive ; 
88 7 78.8 is | 6 3.5 | 20 | 1.00 0 O04 Oo On ‘ ati y 
&O | 7 81.5 65 6 3.5 | 0.75 1.50 0 O83 ot (vy ie O ‘ 1 ’ ) ] ¢ 
”) | x 83.5 | ”) 15 3.5 | 1.5 | 0.75 0 O74 oO Ol ‘ 
] 15 81.0 | 78 | @6§ 4.25 0.5 2.50 0.412 0.034 ozone OOOO? 1 té 
2 7 | 82.0 SS | 6 4.0 1.5 1.75 0.183 0.02 
; | 7 81.2 5S | 1S 3.25 3.5 0.50 0 021 0.01 1M Ss e sufi ( a 
~/ > tf we 80 16 2.5 2.5 050 | 0.028 0.012 ;, 
7 | 770 | 74 | 22 2.5 1.0 0.88 | 0.016 01 \ Ue ‘ Cils 
——---——— ©» ———_— ~- 3 » oman 
] t t ft 
it would, therefore, seem that the use of ozone alone + 
a . a ‘a ; ¥ ) 14 
s impractical for counteracting strong body odors and maXxunum © U.U0U2 US 
: 1 
it must be supplemented by the introduction of , 
1 . . QOOO 14 
ficient outside air to lower the body-odor intensity to ' ) 
. : sulfide or only LOO Z 
5 or less. Small quantities of ozone can then be used anaes 
4 0.0113 
advantage tor reducing the odor from 3.5 to 2 or less ; 
VaTore su { ill 
ler the ¢ Sperm ntal conditions, an ozone odor In { 
- ~~ - s! S t | t (if 
nsitv of 0.75-1.00. (0.015 ppm approximately )} reduced ‘ —— C , 
: experime 1 chamls rlands« chy ; 
outdoor air requirement for the control of body odor | , sp 
. , to obta nv ce strane x ( 
re than 50 per cent, as can be seen in Fig. 4. Ozone : i wee 
nie 7 fide. ammonia, trimet unine, bu Cc al ule 
ntensities less than 0O./5-1.00 had no eftect on body : ae ‘ a : : f 
: : . F ndol and skat alt ug tne oO Ts 
ors, while ligher intensities proved to be unpleasant le 
1: . were effectively MlaSHCE 
a few sensitive individuals. 
| ul he evict ct 1 I j ( 
Vasking vs. Oxidation: The results of this study the reappearat he ee 
: l ip Lice Y s » ( g 
uld seem to indicate that the action of ozone on body odor at the e1 exp , go 5 er the 
rs takes place not in the air of the room by oxidation, ey ie aot +) A ee ee a 
subjects had | e ozona ir st 
s sometimes assumed, but on the mucous membranes having been turned off and the room closed tight Ry 
the nasal passages where the ozone is decomposed ferring t Fig 5 ft e intensit ist ‘ re ( 
‘ ia i) ~ ' ‘ . S iS ’ 
he reduction were due to oxidation in the air, some subjects left was hich enough to obliterate complete! 
the ozone would have been utilized in the process the body odor. but when the ozone intensity fell to th 
the ozone intensity would have been lower with iA 4 , Wi ce ae ata 
. : » threshold, the bi ay odao reappea ana ¢ l¢ 
ubjects than without subjects in the room, when all ele a ee 35 aan ee 
' ; : . 7 ° - increase, gradually app on ny i¢ ni al ) 
er conditions remained unaltered. No significant loss : PP PR eee ' 
; : disappearance curve (adotted hme Wl u m ve 
cone appears to have taken place, as can be seen in a one 
; ." aay pict me: implication here is that ozone was incapable of destroying 
> , I 
lumns 5, 6, and 7 of Table 4. Positive signs in column ma 
indicate loss and negative signs indicate gains of ozone, "Ce 
z thresi « 
he latter due, of course, to errors. The mean loss in 48 = 1 ‘ 
1 334 veig : 


| 14 experiments is practically zero, in fact nega- 
indicating no detectable chemical action. 
lf the odorous emanations of the human body consist 
gely of acids, as is generally believed, little oxidation 
in be expected from the small quantities of ozone used 
the experiments. On the other hand, the olfactory 
eshold concentration of ozone is low enough, by com- 
ison with that of most body odors, to readily mask 
e latter, with the possible exception of the odors of 
itol and indol. 
ven hydrogen sulfide, which appears to be the most 
readily oxidizable substance in the known group of 
body odors, can only be masked in ventilation work be- 
se the concentration of ozone required for complete 
xidation is prohibitive from the standpoint of both 
ty and smell. The normal olfactory threshold 
r intensity 1) of hydrogen sulfide is placed at 


002 mg per liter of air. An objectionable odor strength 
vould, therefore, correspond to 0.002 « 2? = 0.,008* 
93° 
; Hearmne, Prptnc anp Air Conpitioninc, Ocrorer, 1939 
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Fig. 3—Record of an experiment showing effect of ozone odor 
on body-odor intensity. Room air supply and number of 
occupants constant 
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body odors in the air while the subjects were in the room, 
despite its high concentration. Odoriferous material was 
adsorbed on wall surfaces and when the subjects left, 
desorption began and continued at its usual normal rate, 
as if no ozone had been added at all. 


Possibilities and Limitations 


rom the standpoint of ventilation, it should make no 
great difference whether ozone masks or actually de- 
stroys body odors in the air. If it improves the quality 
of air and does no harm to the occupants, it should be of 
some value, and under favorable conditions it has proved 
to be of value in this and other previous studies.'® 
Although the judges were extremely sensitive to the 
odor of ozone upon entering the experimental room (con 
taining ozone) from the control room (containing no 
most of the subjects in the experimental room 
were unaware of ozone intensities of 1.0 or less corre- 


ozone ), 


sponding to ozone concentrations of 0.015 ppm or less, 
except when the concentration was built up too rapidly. 
Many subjects noticed an improvement in air freshness 
at such low ozone concentrations, while a few complained 
of a strange odor in the atr. 

Ozone intensities over 2 (0.04 ppm or more) were 
associated with dryness of the upper respiratory mucosa, 
and distinct irritation at higher concentrations. It ap- 
pears, however, from Table 3 and Fig. 4, that it is 
rarely necessary to use ozone intensities greater than 
1.0 (0.015 ppm). This concentration can barely be 
smelled by the occupants of a room, yet it permits a con- 
siderable reduction in the fresh-air supply (see Fig. 4) 
and there is no evidence that this amount is harmful even 
on prolonged exposures, as for instance in the London 





subways. 
The main objection to the application of ozone to venti 
lation is lack of control. Although the output of com- 
mercial ozonators may be controlled adequately by dehy- 
drating and filtering the treated air, no means are avail- 
able for regulating the actual room concentration which 
may vary within wide limits according to humidity (see 
lig. 2) and general characteristics of a room. <A given 
ozone output at the machine may yield only a trace >f 
ozone in a room on a humid day, but the same output 
in dry weather may result in a most undesirable condi- 
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Table 4—Loss of Ozone-Odor Intensity in Counteracting 
Body Odors 

1 j 2 3 4 5 6 7 

. | Room OZONATOR | ESTIMATED) OBSERVED | CORRES- Loss 

Expr. | Assor. | Ovurput OZONE OzonE IN-| PONDING | Ozon: 


No. | Humipity| ppm. py | Concen- | TEeNstty | Ozone IN-| TENS: 


| GRAINS /LB| VoL. Ovut- | TRATION IN| wiTH SuB TENSITY | (Cor 
AIR | stipe Arr | Room Arr | jEcTs IN witH No | Cor 
| Supply | PPM. BY Room SuBJECTS 
i\VoL. (FROM (FROM In Room 
Fic. 2) Co.. 8 FROM 
TAPLE 3 Fic. 2 

82 | 33 0 044 0.023 1.75 1 60 01 
S3 30 0.087 | 0 036 2.25 2.20 00 
84 | 7 0.028 | 0O.O12 0.50 0.70 02 
85 OS 0.039 | 0 012 0.75 0.70 00 
86 70 0 026 0.012 0.75 0.70 0.0 
87 87 0.024 | 0 011 1.00 0.60 0 4 
SS i8 0 054 0.020 1.00 | 1.40 +O 4 
SY 65 0.083 | 0 020 1 50 1.40 0 MW 
90 90 0 074 0.016 | 0 75 1.10 +0 3 
91 78 0412 | 0.034 | 2 50 2.10 oO 4 
92 SS 0.183 0.021 1.75 1 SO 02 
93 58 0 021 0.012 0 50 0.70 +) 2 
4 SO 0.028 | 0.012 0.50 0 70 +) 2 
95 «| 74 0.016 0010 | O88 0.40 ~) 4s 
Mean 1.17 1.13 0 O04 


tion. The danger is especially great in central stati 
systems that have sufficient capacity to make up for | 
of ozone in transit to the rooms, 

Under such conditions, ozone may do more harm t! 
good and its use should be discouraged, at least until 
adequate means are devised for accurately controlling 





the concentration in occupied rooms. The so-called 
ionizing machines which have recently appeared pr 
duce less ozone than the old ozonators and their eff 
tiveness for masking odors is correspondingly smaller 
The ions produced by these machines have little effe 
The underlying agent 








on odors and freshness of air. 
is ozone and the problem of concentration control st 
remains unsolved. 


Summary 


(zone in concentrations of 0.015 ppm, that can bar 
be smelled by the occupants of a room, reduced the si 
of body odor sufficiently to permit a reduction of at | 
50 per cent in the fresh-air requirement for odor cont 


Higher concentrations were irritating to the mucot 
membranes of the upper respiratory tract, while lov 
concentrations had no effect on body odors. The act 
of ozone on body odors appears to take place not in 
air of the room by oxidation, as is sometimes assu 


but on the mucous membranes of the nasal passages 
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odor in tightly-shut room at the end of an experiment aiter 
subjects left room 
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Although ozone in sufficient strength com 
letely obliterated the smell of body odors, it proved diffi 
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tilation is shown to be lack of control, | 
ult to counteract the two so that neither could be smelled means are devised for controlling the output 
y persons entering the room from fresh air. Ozone tors from the actual concentration in occupi 
ad to be present in perceptible concentrations to do any the use of ozone should be discouraged becaus 
ood at all. great toxicity. 
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m the British Stainda Institute, 28 \ St 
risbane; (4) A Trustee Considers Air Conditioning, by Charles 
Neergaard ; (5) Allergy Room Is Appreciated by Lucius kX 5M S Cat . ' 
Wilson ° 
° Solving Draft Prob Sk 1A t 
Effect of Storage Conditions Upon Dust-allaying Coal Treat Xeveals Opportunities to Cut Oil Bills W. B. Adar 
ment, by F. W. Godwin. Coal-Heat, Vol. 36, No. 2, August Cov md Heat, V« XII, N 5 t 
1939, pp. 16-18. Description of dust cabinet and method its 0 and 11, and 28-30. Discus t t 
use in determining dustiness of coal samples. Data on dus v erating < t S 1 N 
lex after cabinet treatment storage at various relative humidi t test dat ’ od 1 
s and after coal aid treatment ° 
- Sumn er ( it He ( ~ 
Correcting Ixcess Air Leakage, by Julius Wolf. ( Air ( lit IX ‘ 
Vol. 36, No. 2, August 1939, pp. 34-36. Discussion of ideal a Vol. XII, N 8 6, Au , 2 
ily for stoker operated furnace and harmful results of excess ti g | s et nibe 
or air leakage through dead plates it ire a ‘ 
the ( t ( eve ved |} ' \SHVI | 
a ‘ 
‘ f Mi and t S. Pul Hi Sx S 
Measurement ol the | mMeness ot Powdered Materials “4° — 3 m , 
Harold Heywood. The Institution of Mechanical Engin ey a eae ety 
edings, Vol. 140, 1938, pp. 257-347. (London.) Descri . . 
in detail of methods of analysis available for measuring . 
the fineness of powdered materials used in engineering and lee \ir ‘ . O. W. |! 
ustrial processes Definitions of particle size and shape are ' : N rN s S 
ussed. Size grading by sieving, elutriation by means of ait ’ Construct at eriormance 
water sedimentation, hydrometer readings and the obscuring Conditions to be eck 
a beam of light by dilute suspension of the particles are dis in drawings to s the mor : 
issed in detail $s! 
e . 
lodern Methods of Marine Heating and Ventilation, by \ir | ed M 
vid M. French. The Heating and Ventilating Engineer, Vol \ No. 2, August 139 8 
\II, No. 144, June 1939, pp. 550-554, (London). Discussion of A typica iret i ditioning st 
factors affecting heating and ventilating systems on board uses e€ equipm S trates 
nger ships. Advantages of steam and hot water heating in ° 
tterent types of ships. Special problems of heating and ven- Night Air Is Cool Air. Plun 
ting in ships discussed \ir conditioning considered esset 107, No. 2, pp. 20-21. Description of attic ventilat 
n passenger ships crossing the equator the use of such fans in air conditioning | 
e . 
e Globe Thermometer, by J. H. Brunklaus. 7he Heatu How to Install an Attic Fan, | r. A. Wa 
entilating Engimeer. Vol. XIII, No. 146, \ugust 1939, Vol 6, N l July 1939 pp. 46-48 1) ‘ 
65 and 85, (London). Mathematical discussion of ac mentary principles in cooling by ventilat 
measurement of air temperature. Description of globe regarding analysis and calculations for typi af 
nometer and its use to measure the degree of comfort in directions for installation of various types of atti tilat i 
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Atlanta Skyline from Terminal Station Plaza 


Society Goes to Atlanta 


CTLANTA Chapter members are awaiting the Fall Meet 


ing of the Society and have prepared an interesting 


meeting scheduled 
Atlanta, Ga 


nine 


who attend this 
Atlanta Biltmore Hotel, 


with 


for those 
31 at the 


technical 


program 
30 and 


are to he 


for October 


Chere three sessions papers 


two papers give results of investigations carried on under the 


cooperative research program sponsored by the Society’s Com 
relate to problems 


research 


In addi- 


mittee on Research; two papers specifically 
South; two more with 
and one is devoted to business relationships. 


are concerned industrial 


in the 


subjects; 


tion to these technical papers, a program of social events 1s 
scheduled for each day 
After registration on Monday morning, October 30, there 


will be a general get-together luncheon for members and ladies 


in the Atlanta Biltmore at 12:15 p. m. and the guest of honor 


will be Dr. M. L. Brittain, president of Georgia School of Tech 
nology. During the afternoon a sightseeing trip for ladies 
conclusion of the afternoon tech 


has been planned and at the 
for members and ladies 


nical session there will be a social hour 

on the terrace of the Atlanta Biltmore. A dinner and dance 
will be the feature of the evening and the guest of honor will 
be Robert T. Jones, Atlanta attorney, who is more generally 


known as Bobby Jones, the golfer. The speaker will be O. B 


Keeler, Atlanta sports commentator 
On Tuesday the ladies will have a bridge party during the 
morning and the afternoon will be devoted to various inspec 


tion tr Ips 
Che 


trot, 1S 


location of slightly west of Cincinnati and Ds 


\tlanta 


within easy reach of a large percentage of the Society 
bership. There is excellent train service from all major 


lead t Atlanta for 
much of 


North and 


men 


roads those who 


to Atlanta 


and fine 
En 


particularly for those 


cities 


, ] s* 
scent cauty 


West 


motor. route there 1s 


from the 


comme 





T. T. Tucker 


C. L. Templin 
Ladies 


Reception 
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desire to 





L. F. Kent 


General Chairman 


The distance from Atlanta to some of the principal 
is indicated in the following tabl 
Birmingham. Ala. 168 
Charlotte, N. ( ‘ 
Nashville, Tent a8 
Greensboro, N ( 
M le, Ala j 
I sville Ky 4 
Cincinnati, O 488 
New Orleans, La 4 
St. Louis, M 611 
Washington, D. ( ‘ 
Mia Fla 
Cleveland, O 4 
Det t, Mi 
I adelphia Pa : 
( g I] S 
Pittsburg ] 
Dallas Tex 6 
Houstor re . 
New \ se Sf 
Kansas City M ) 
Bos Mass 109 
Reduced round trip rates are offered by railroads and t! 


car service and fast schedules are available 
various Chapter cities. 

Che 
plan: single room and bath—$3.00; double room for tw 


double beds 


headquarters hotel offers special rates on the | 


$4.50 twin lay 


room, $5.00 per 


Society members should tune in on the special rad 


cast on October 26 at 10:30 p.m. standard 


leatures of the meeting will he roadcas 


Brother 


as special 
W elcome 
The | 
ward to a laree 
he Atlanta 


opportunity to see a ti 


South, Program 


ommiuttee in charge of arrangements is looki 
members and has evet 


meeting lor early arrivals 


turnout ot 
readiness for t 


« al thall 





C. T. Baker E, 
Vice-Chairman 
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W. Klein 
Banquet 
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J 
- ech Stadium, Saturday, October 28, and there will be golf 
r those who desire to play. Prior to the opening of the 
eeting there will be a meeting of the Council of the Society 
Members of the Atlanta Chapter and their wives will serve 
<« hosts to the Society and events will be in charge of the Com 
ittee on Arrangements, of which | | Kent is General 
hairman 
PROGRAM—Fall Meeting 
: (werRIcAN Socirery or HEATING AND VENTILATING ENGINEERS 
Atlanta Biltmore Hotel, Atlanta. Ga. October 30-31, 1939 
October 28 
1:00 p.m. Reception of early arrivals 
»:00 p.m. Football Game—Georgia Tech Stadiun 
Cj, f hey ” 
0:00 a.m. Intormal Golf Matches 
00 a.m. Council Meeting 
8:30 a.m. Registration 
1:30 a.m Technical Session 
The Use of Air Velocity Meters, by Prof. G. | 
luve ' 
lemperature Droop Characteristics of Room Thet 
mostats, by B. E. Shaw 
p.n Get-together Luncheon (Members and Ladies 
Speake Dy M | Brittain, President Geor 
Tech 
45 p.m. Ladies Sightseeing Trip 
2:00 p.m. Technical Session 
Food Preservation in the South, by ¢ lr. Baker 1 W 
; Application of Storage Refrigeration to Air Condi 
tioning, bv ( | Boestetr N 
A Standard Air Filter Test Dust, by Prof. F. | 


Rowley 
An Analysis of the At 


Business 


Conditioning Contract 
John H. Carter 


Relationships, by 


B 
0 p.m. Friendship Hour for Members and Ladies ( Biltmor: 

Terrace _ 
00 p.m \utumn Dinner and Danes 


Guest of Honor—Robert T. Jones—Atlanta At 


torney and Golfer extraordinary 
Speaker—O. B. Keeler—Sports Commentator and = 
Member of Collier’s All American Board 
(Jct é P 
0 an rechnical Session- 
Heating and Ventilating Problems as Related t 
Agriculture, by Prof. l. B. Lanham An 
\ Laboratory for Use in Determining the Influ Nava 
ence of Various Temperatures and Relative Hu Societ 
midities on the Final Quality of Air-Cured Ti 60 in at 
bacco, by Prof. L. S. O’Bannor was 2 
Maximum Permissible Humidities in Humidified es 
Buildings, by Paul D. Close 
10:00 am. Ladies Breakfast-Bridge rang 
30 p.m. Inspection Trips Herb 
»:00 p.m. Golf Tournament—last Lake Country Clul serene 
art 

















0. B. 


Keeler 
Banquet Speaker 


Bobby Jon: . 


Guest of Honor 
Brit \ B 


Committee on Arrangements 


' 
i 


‘ \ ) 
rs. as we bye ~ { 
vas ix n Aug t 28 } I \ 
lance. Dinne s served pre t 

ged by Foster: Pratt 

; e Seatt ( ; \f | ¢ 
c evi ng \W t { ’ i | ‘ 
} Ne } Lit M 

Mr. | : 
\ T t i 


Pre McIntire. a unces the appointment 1 )y 
Cake secke . { ill T | i ? ‘ { 
esigna E. Holt G ' 
service cs] sil ‘ iat i ] I 
f Pr Kk. O. Eastw Seattle, Wa 
for the remainder I tl Ss yea! The ( ! tte 
Stone Mountain F. E. Giesecke, Chairman, W. L. Fleish : t 


Hevtinc, Princ anp Am Conprrioninc, Octroser, 1939 





655 























NOMINATIONS FOR 1940 











Nominations for Officers 
and Council 


The Nominating Committee appointed to select can 
didates for Officers of the Society for the coming year, 
1940, submits the following list of nominees: 


For President: 
F, E. Giesecke, College Station, Texas 


For First Vice-President: 
W. L. FLetsHer, New York, N. Y. 


For Second Vice-President 
EK. O. Eastwoop, Seattle, Wash 


For Treasure) 
M. F. Branktin, Philadelphia, Pa. 


For Members of the Council 
Three-Y ear Term 
J. F. S. Cottins, Jr., Pittsburgh, Pa. 
E. N. McDonnett, Chicago, II. 
T. H. Urpaut, Washington, D. C. 
C.-E. A. Winstow, New Haven, Conn. 
Respectfully submitted, 
NOMINATING COMMITTEE, 
H. H. Erickson, Chairman 


Tom Brown, Acting Secretary 


In accordance with the provisions of the Society's 
Constitution, By-Laws and Rules, ballots containing the 
names of the above candidates wili be sent to the mem 
bership for voting upon prior to the Annual Meeting in 
January. 

Art. B-VI1I—Section 11 The Nominating Committee shall 
consist of one (1) member eligible to vote designated by each 
Chapter, or his alternate also appointed by the Chapter. The 
Secretary of each Chapter shall certify to the Secretary of the 
Society on or before January first the names of the member 


and alternate selected. 


The Committee shall meet at the Annual Meeting of the So- 
ciety at the call of the Secretary of the Society and shall eftect 
its own organization and elect its own Chairman. At the Sem! 
Annual Meeting of the Society, if possible, the Nominating 
Committee shall select the nominees for the ensuing year for 
the offices of President, First Vice-President, Second Vice- 
President, Treasurer, and four (4) members of the Council. 
In any event the names of the nominees shall be certified to the 
Secretary of the Society before September twentieth, with the 
written consent of each nominee to fill the office for which he 
has been selected and their names with the offices to which they 
have been nominated shall be published in the October issue of 
the JOURNAL. 

Art. B-I1X—Section 2. The Secretary shall prepare ballots 
with the names of all candidates and forward them to the mem 
bers, eligible to vote, at least thirty (30) days before the date 


of the Annual Meeting. 
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Nominations for Members of Committee 
on Research 


\lthough committees of the Society are usually 
pointed, in view of the great importance of the Comn 
tee on Research and the financial responsibility 
would be called upon to assume, it has been made m 
representative of the entire membership of the Soci 
by a process of election. The election is governed 
the By-Laws for the election of officers, with the si: 
exception that Members of the Committee on Resea 
are nominated by the Council instead of by a Nomit 
ing Committee. — . 

In accordance with the Regulations for the Gov 
ment of the Research Laboratory, the Council annow 
the nomination of the following members of the ( 
mittee for election to succeed those members wi! 
present terms expire January, 1940: 


7 hree-Y « ai Term 


Puitie Drinker, Boston, Mass. 

\xet MArin, Ann Arbor, Mich. 

A. E. Stacey, Jr., New York, N. Y. 
J. H. Van Atspure, Chicago, Il. 


J. H. Waker, Detroit, Mich. 


The regulations governing the nomination and « 
tion of members of the Committee on Research a1 
follows 


ARTICLE 1I—ORGANIZATIOD 


Section 1 C ommutte. n Research There shall r 


ing committee known as the Committee on Resear 


of fifteen (15) members each serving for three (3) year 
five (5) retiring each year The outgoing Chairman it 
in that capacity during the last year of his three (3) veat 


on the Committee shall without election become an addit 


} \cCal 


member of the Committee on Research for one (1 


(a) The Council shall nominate previous to July 
each year five (5) members to fill the vacancies of thos« 
at the next Annual Meeting. 


(>) The nominations made by the Council shall be pu 


in the October issue of the Society’s JouRNAI 


(c) Any ten (10) members of the Society eligible 
may present to the Secretary over their signatures, the 
of one (1) or more additional nominees for the Committ: 
Research, provided such name or names are presented at 
sixty (60) days prior to the next Annual Meeting, and 
additional nominations shall be placed on the ballot opposit 


nominations made by the Council. 


(d) The election shall otherwise conform to the regul: 
provided for the election of officers of the Society in the 
stitution, By-Laws and Rules. 


(e) Vacancies may be filled by the Council, such 
chosén by the Council to serve until a successor is elected 


next Annual Meeting. 


Heatinc, Preinc ano Air Conpirionine, Ocroser, |9°” 











Arrangements Committee for Society Officers Will Speak 


16th Annual Meeting Announced at Chapter Meetings 





The Cleveland Chapter will be host to the society tor it pt iking engagement ' : 
i6th Annual Meeting to be held at the Hotel Statler during ng the fall season and W. b. | 
the week of January 22, and ar me ayes tak # 
nouncement of the personnel of os the St. Louis Chapt ' 
the Committee on Arrangements gmecers ‘ tut St. = 
has just been made as follows he will address t Pitts : : 
L. T. Avery, General Chairmat Dr. F. E. Gi . 
G. L. Tuve, Honorary Chairmar vom a ; 
Philip Cohen, V ice Chairmat t Novembe “ _ . * 
and | S. Ries, Vice Chairmar val at r " 
Technical Sessions, | I kv New Yor , ~ 
leth, chairman; Publicit Joh — ‘ 
Paul Jones, chairman; Fina = a cmos “ 
FE. W. Gray, chairman: /nsp, On Septem! Ur. § 6a pe 
fro Trips ( \ McKeemat hes ta Stat 
L. T. Avery ; ; : on ” 
chairman lttenda LD 
General Chairman . ntilati ind u ! 
laze, chairman; Banquet. | \ ; , 
Kitchen, chairman iz § f —— , 
= Vanderhoof, chairman Entertainment, H I Wie 
ell. chairmar Registration-Reception. Paul Gayma urn 
ind Ladies, Mrs. W. R. Rhoton, chairman Eastern Air Conditioning Conference 
During the fourth week of January 1940 the National I 
i Heat at ir Céndiiisnhin Aettclatien of) tute Me in November 
nid-year meeting, and the 6th International Heating and Ve On November 
tilating Exposition will be housed in Lakeside Hall will sponsor an Hast ; a : 
The indicated extent and comprehensiveness of the displays ration with th S t ASH\ P 
point to the largest heating and ventilating exposition ever and the ACMA rae | 
held. The exhibitors will present the latest methods and ap- aint ta acoder ae ‘ise : . 
paratus developed in the field of heating, ventilating and aii a penne mw wns 4 ' 
conditioning and in refrigeration equipment related to air cor = ie . R ; o Ps S ( 
itioning Nearly 300 manufacturers have already engaged ex gs , : ) 
ibit space, using more than 75 per cent of the available spa , 
Lakeside Hall 
The exposition will bring together exhibitors showing 
est that the 20th century has developed in this field Phe 
vill be many new t pes of instruments for control and regula ~ 
n and a host of auxiliary products of interest to everyon . 
he exposition will be under the personal direction of ¢ 
h, president of the International Exposition Co., wl 
een responsible for each of the five previous expositions : 


E. R. Downe Joins Bryant , 


\ 
Che appointment ot | lk Downe as chiet engineer > oe 
Bryant Heater Co. has just been announced by F. R. Hieglk . 
rector ot research and development Mi Downe was fot 
erly vice-president and chief engineer of the American Gas . be 
Products Division of the American Radiator C New York \ 
N. Y., and has a background of 29 years of experience \ 
gineering and designing of heating equipment. He will mak« =e. 
headquarters in Cleveland. Mr. Downe is a member of > 
ASHVE, AGA and ASMI | es ; 
| i re ' 
Speakers Bureau Active a rs 
With the opening of the meeting season for local chapters 
Speakers Bureau, established by the Council, has received 
requests for speakers. The Committee work is directed 
N. McDonnell, Chicago, chairman, and he is assisted ; \ ‘ 
lohn Howatt, Chicago, W. G. Boales, Detroit, and W. A , Air ¢ . 
sell, Kansas City, Mo Members who are scheduled t Moist B | \ 
ar under the auspices of the Speakers Bureau ar: \ a“ 
Stacey, Jr., at the Michigan Chapter, October 16; Philip - “ : 
nker, at the Philadelphia Chapter meeting November 9 CI R 
5. R. Lewis, before the Cleveland meeting November 13 ‘ M 
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ANNUAL REPORTS 





OF 


LOCAL CHAPTERS 








Cincinnati 


Cincinnati Chapter reports a successful year from all stand 
points, with excellent 


Social meetings and stag parties helped to achieve a notable 


advancement in the excellent spirit that prevailed throughout 
the year. 

\ resume of monthly meetings has been prepared by R. F 
Kramig, Jr. and W. H. Junker 

The October meeting opened the season for Cincinnati Chap 
McIntire, Detroit, president of 
Mr. MclIntire’s 


talk was an interesting one and the material was presented 


ter. The speaker was J. F. 
the ASHVE, and his subject was The Engineer. 


in a familiar manner. 

The November meeting was devoted to a discussion of Codes 
Mr. Stegner, of the Building Commission of Cincinnati, attended 
with his entire staff. The discussion centered around a new 
general heating code which was being developed. The out 
come of the discussion which was started in this meeting was 
a new and comprehensive heating code for the City of Cincinnati 
Walker, 
Edison Co. His discussion and explanation of the 


The speaker at the December meeting was J. H 
Detroit 
air conditioning system in a new glass brick building was of 
great interest to members 

The January meeting was a social gathering with a dinner 
dance at the Fox and the Crow The only complaint heard 
after the evening was that the Chapter did not hold enough 
of the same type of meetings 

The February meeting was on Air Diffusion. F. J. Kurth, 
\nemostat Corp. of America, New York, was the speaker 

In March the meeting was held at the University of Cin 
cinnati. Prof. G. L. 
was the speaker on Mechanical Systems of Hot Water Heating 

The April meeting wads turned over to Anker Winther, York 
Application of Air 


Larson, University of Wisconsin, Madison, 


Ice Machinery Corp., who spoke on the 
Washers in Air Conditioning. In addition to an interesting 
talk Mr. Winther presented charts and diagrams \ moving 
picture, Cold Magic, followed the talk. 

The May meeting closed the 1938-39 season and was held 
at the Homestead Country Club. Previous to the session the 
Chapter attended the baseball game between the Cincinnati 
Reds and the Boston Bees. After dinner a business meeting 
was held at which the election of officers took place 

The following were elected to serve for the 1939-40 season 

President—H. E. Sproull. 

Vice-President—R. E. Kramig, Jr 

Secretary-Treasurer—W. H. Junker. 

Board of Governors—H. E. Sproull, O. W. Motz, R. E 
Kramig, Jr., W. C. Pistler and W. H. Junker. 

Membership—R. E. Kramig, Jr., chairman; ( 
K. A. Wright and E. C. Williams. 

Meetings—M. E. Mathewson, chairman; H. K. Jennings and 
H. A. Pillen. 

Finance—W. C. 
Royer. 

Legislative—O. W. Mot 
Hard. 


V. Sutfin, 


B. Helburn and E. B 


Pistler, chairman; I. 


chairman; C. E. Hust and A. I 


Southern California 


Southern California Chapter opened the 1939-40 season with 
a meeting on September 12 when William Goodman of the 
Trane Co. was the speaker 


The Chapter has 53 members and held the following meetings 
during 1938-39. 
October I2, 1938. Held at Colonial Room. Los 


Angeles, with 71 members and guests in attendance. Pres. H 


Janquet 
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speakers and well attended meetings. 





following committees 


Parke, Chai 


M. Hendrickson appointed the 
hership—O. W. Ott, Chairman; Program—]. | 
man; Publicity—H. H 
H. Kendall, Chairman 


Miller, a heating and ventilating engineer, spoke on the sma 


Douglas, Chairman; and Speakers 


Following the business meeting, Gl 
gas-fired refrigerating machines for air conditioning, w 
proved to be a worthwhile discussion 

Vovember 1038 The November 


in the Colonial Banquet 


meeting was als 


Room in Los Angeles attended 


146 members and guests. President Hendrickson, after calli 
the meeting to order and presiding over the business sess! 
introduced F. J. Kurth, who gave an interesting talk on 
distribution \ lively discussion followed which was parti 


pated in most actively by those present. 


December 16, 1038 The routine business having been t 
care of, President Hendrickson introduced the speaker 
the evening. The first presentation was given by Pri M 


Boelter, assisted by Prof. W. E. Mason, both of the 


versity of California, who talked on the research work 


performed on cooling towers, bringing before the meetings 


latest available informatio Professor Boelter was foll 
by Mr. Colesworthy, who gave a short talk and den 
tion of the Westinghouse Precipitron filter There 
attendance of 54 members and guests at this meeting 

January 3, 193 The meeting was called to ord 
dent Hendrickson, at the Colonial Banquet Room, with 62 
bers and guests attending The regular order of business 
ing attended to, W. I ‘leisher, Chairman of the Res« 
Committee t the Society, was then troduced Mr | 
gave an interesting presentation of the problems that had 
do with human comfort as applied t industry yl 
followed by an open discussion 

February 28, 103 The February meeting was held 
Studio B in the National Broadcasting Studi Hol 
There being no business at this meeting, the President intr 
J. F. Parke, Chairman of the Program Committee 
cussed the installation of the air conditi g systen t 
building, which was followed by a conducted t 
Studios with special emphasis being placed t 
ng installation There were 76 members and guests 
meeting. 

March 23, 10% This meeting was held at the Elks ( 
Pasadena, with 86 members and guests present \ short 


ness meeting was conducted, and on motion of Mr. Mill 
Code Committee investigating heating, ventil 
and air conditioning was established 
Knapp, California Institute of Tec! 


gave a talk on fan and blower characteristics 


permanent 
Following the bus 


session Prof. R. T. 


April 11, 10390. The 51 members and guests who assen 
for the April meeting returned to the Colonial Banquet R 
with President Hendrickson presiding. No business to be discus 
the meeting was turned over to the Program Committee, 
1, 


chairman introduced the guest speaker of the evening 
McIntire, Vice-Pres. U. S 


dent of the Society President McIntire delivered an inte 


Radiator Corp., Detroit, and 


talk on The Birth of Air Conditioning, which was follows 
an informal discussion concerning the affairs of the S 

May 16, 1930. The May meeting was held at the Royal P 
Hotel with 61 members and guests in attendanc« \s 
| 


tomary the meeting was called to order by President |! 


drickson, who called for a report from the Nominating 


mittee. This report having been sent to the Chapter 


previous to the meeting, the President passed out ballots 


conducted the election for the coming year and_ th 


ing, approved by the Chapter, were elected to serve tot 


1938-1939 season 


‘ 4 
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\ll correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is th 


duty of every member to promote. 


Unless objection is made by some member by October 16, 1939, these candidates will be balloted upon by the Council. Thos: 
elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES 


Barton, E. H., Owner & Mer., Barton Agencies, Moosomin, 


Sask., Can. 


CAMPBELL, R. P., Sales Engr., E. K. Campbell Heating Co., 


Kansas City, Mo. 


Demeter, Julius, Htge. & Air Cond. Engr., Julio Donoso D., 


Santiago, Chile. 


lirESTONE, M. T., Mer., Carrier Air Cond. Div... Washington. 


LD. ¢ 

Gatr, kK. B., Sales Engr., B. F. Sturtevant Co., Grand Rapids, 
M ich 

Hatt, (¢ H., Chief Engr., Fairbanks, Morse & Co., Three 


Rivers, Mich. (Reimstatement) 


HARTSOOK, S., Jr.. Mer., Miller & Anderson, Front Roval, 


Va 

Hicu, J. M., Mer., Insulation Div., The Ruberoid Co., New 
York, N. Y. (Advancement) 

Hittecer, M. L., Draftsman & Estimator, W. S. Kilpatrick & 
Co., Los Angeles, Calif. 

KARSUNKY, W. K., Consulting Engr., Washington, D. ¢ 


j 


Neat, J. P.. Mech. Engr., Fosdick & Hilmer, Cincinnati, Ohio 


NoLaAn, J. J., Jr, Air Cond. Engr., United Clay Products ( 

\W ishing ton, DD. ¢ 

Rocers, T. L. C.. Managing Dir. & Chief Engr National An 
Cond. Co., Ltd., London, Ont., Can 


Rosen, E. J., Mer., Temp. Control Dept., Parker-Carpenter, In 
San Francisco, Calit 

Scortr, | D., Tech. Dir... G. De Micheli & C.S.A., Florence 
Italy 


rutsci, R. J Asst. Mer., Iron Fireman of Milwaukee, In 
Milwaukee, Wis. 

Watt, R. M., Jr. Lt. Commander, Construction Corps., U. S 
Navy, Washington, D. C 


REFERENCES 


Proposers Seconders 
William Worton P. L. Charles 
J. B. Steele William Glass 
Ek. K. Campbell K. M. Stevens 
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CANDIDATES ELECTED ; 








In the past issues of the JouRNAL of the Society the names of the following men were listed as Candidates for Membership. T! 
membership grade of each Candidate has been assigned by the Committee on Admission and Advancement and balloted upon by tl 
Council. We are now instructed by the Council to post herewith, as required by Art. B-III, Sec. 8, of the By-Laws, the f 


lowing list of candidates elected: 
MEMBERS 


ANspAcHER, T. H., Dist. Mer., Buffalo Forge Co., Dallas, Tex 
( Advancement ) 

Bisnop, J. A., Dist. Mer., American Blower Corp., Dallas, Tex 

Mircuett, A. E., Mer. Oil Burner & Air Cond. Dept., A. P 
W oodson Lo., Washington, LD 

MuruHarp, K. R., Sales Engr., S. Radiater Corp., Portland, 
Ore 

PeLLecrini, L. C., Vice Pres. & Design Engr., Marlo Coil Co 
St. Louis, Mo 

Riptey, W. H., Mer. Dryer Div., Riggs & Lombard, Inc., 
Lowell, Mass 


ASSOCIATES 


CLarK, R. L., Pres., Clark Asbestos Co., Cleveland Heights, 
Ohio (Reinstatement) 

FLANAGAN, J]. B., Sales Mgr., Warden-King, Ltd., Montreal, 
Que., Can 

Hanson, L. C., Htg. & Plbg. Contractor, Bjorkman Bros. Co., 
Minneapolis, Minn. ( Reinstatement) 

Hazienurst, H. D., Serviceman, Southern Calif. Gas Co., Los 
Angeles, Calif. 

Jones, J. T., Power Sales Engr., Empire Dist. Elec. Co., Joplin, 
Mo 

OpumM, R. A., Supt. Htg. Dept., Grove C. Odum & Co., Daytona 
Beach, Fla 
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Suarp, J. E., Htg. & Air Cond. Engr., Springfield Stoker 
Htg. Co., Springfield, lil 

Stevens, W. H., Engr. & Service Mer., Shellenberger, Greg 
& Co., Milwaukee, Wis 

Witcox, C. M., Design Engr., War Dept., Washington, D. | 

Wirtsox, W. E., Owner, Wilson Plumbing Co., Asheville, N. | 


JUNIORS 


Bartecs, E. M., Supervisor Mech. Equip., Independent Sc! 
Dist., Des Moines, la 

Burces, J. H. M., Chief Draftsman, Lipscombe Air Cond. ¢ 
Ltd., London, England. 

Burns, H. J., Asst. Htg. Engr., Washington Gas Light 
Washington, D. C. 

Dappario, F. T., Air Cond. Engr., The Lancaster Co., Joh 
City, Tenn 

Kaun, C. R., Jr., Engr., Pabst Air Cond. Corp., New ¥ 
N. Y. 

Koster, H. H., Asst. Prof., George Washington Univ., Wa 
ington, D. C 

Norro.k, L. W., Consulting Engr., E. G. Phillips, Son & N 
folk, Nottingham, England. 
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MatrHeka, C. R., Student, New York Technical Inst., N 


Ferm, N.Y. 
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